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COVER: The Mars Rover reaches the boulder-strewn 
summit of Mars Hill—in Death Valley, California. The 
1992 Planetary Society test program brought together 
Russian, American, French and Hungarian engineers 
and scientists who matched the little robot explorer 
against some of the most Mars-like terrain on Earth, 
The program marked the first time a private space 
organization involved the public in the actual tests 
of a craft designed to explore another world. 


Photograph: Charlene M. Anderson 
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a ¥) | aking Less Do More at NASA” 
was the title of a recent article in 
Science (October 2, 1992) describing the 
new NASA administrator’s attempts to 
reform the way the space agency does 
business. Daniel Goldin’s initiatives have 
been described as revolutionary by some, 
but, at The Planetary Society, doing cre- 
ative and innovative things with a very 
little bit of money is business as usual. 

It’s not as if we had much choice in the 
matter. As a nonprofit membership orga- 
nization, The Planetary Society has never 
had access to the once seemingly bottom- 
less wells of government money. To con- 
duct our projects to build a novel SETI 
receiver and signal analyzer, to design the 
SNAKE guide-rope for the Mars Balloon 
and to test the Mars Rover in Death Val- 
ley, our 100,000 members contributed 
most of the needed funds. The rest came 
from a few special private donors. 

At the Society, we like to find what we 
call seed projects, where a little bit of 
money can help an idea grow into a sig- 
nificant program to further planetary ex- 
ploration. Two seed projects that have 
grown into actual flight projects are the 
guide-rope for the Mars Balloon and tests 
of the Mars Rover. Both the balloon and 
the rover are scheduled for launch on the 
Russian Mars '96 mission. 

In this issue of The Planetary Report, 
we bring our members up to date on the 
progress of these two projects. We also 
report on recent developments in the 
world of planetary exploration. 

¢ To Mars on the Back of a Giant 
SNAKE—Page 4 Jim Cantrell’s creativ- 
ity and dedication have impressed every- 
one working on the Mars Balloon, and the 
Society arranged for him to spend some 
time in France designing the guide-rope. 
In this article, he tells the story of the 
SNAKE guide-rope for Society members, 
who made it possible. 

* Mars Observer: On Its Way—Page 
10 Mars Observer is finally on its way 
to the Red Planet, after a delay of two 
years and a last-minute problem of dust 


contamination. We are looking forward to 
seeing what this advanced orbiter will 
discover about this most Earth-like of 
worlds. 

¢ Through Teamwork to Mars: The 
1992 Mars Rover Tests—Page 12 This 
was the biggest test program ever under- 
taken by The Planetary Society. Not only 
did we bring together experimenters from 
several different countries, we also invited 
Society members to participate in the 
tests. There is so much to report that, al- 
though we've devoted many pages to the 
tests here, we will complete our coverage 
in our next issue. 

* A Planetary Readers’ Service— 
Page 22 Books published by university 
presses are not readily available in most 
bookstores, so in this issue we offer a recent 
title that we think you’ ll enjoy. 

* NASA’s Search Begins—Page 23 
After more than a decade of planning and 
building, NASA has finally begun its 
powerful search for extraterrestrial intelli- 
gence, now called the High-Resolution 
Microwave Survey. 

* World Watch—Page 24 The bu- 
reaucracies that run planetary exploration 
are changing fast, and we do our best to 
keep you informed about the latest devel- 
opments. 

* Toward the Next Millennium: A 
Vision for Spaceship Earth—Page 25 
The new NASA administrator, Daniel 
Goldin, is shaking things up at the space 
agency. Here is a bit of his vision of the 
future. 

* News & Reviews—Page 26 Not ev- 
eryone is pleased with Dan Goldin’s 
changes, and Clark Chapman expresses 
his opinion. 

* Society Notes—Page 27 We've 
been busy with much more than testing 
rovers, and here are some examples. 

* Questions & Answers—Page 28 
Gas giants and their satellites, asteroidal 
atmospheres and SETI have raised ques- 
tions in our members’ minds. Here are 
some answers. 

—Charlene M. Anderson 


As administrators of a membership organization, The Planetary Society’s Directors and 
staff care about and are influenced by our members’ opinions, suggestions and ideas 
about the future of the space program and of our Society. We encourage members to write 
us and create a dialogue on topics such as a space station, a lunar outpost, the exploration 
of Mars and the search for extraterrestrial life. 

Send your letters to: Members’ Dialogue, The Planetary Society, 65 N. Catalina Avenue, 
Pasadena, CA 91106. 
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“Doing More With Less: The New Way of Exploring the Solar System” in the July/August 
1992 Planetary Report surely shows the way to rebuild and carry on our nation’s space 
program. As demonstrated in The Planetary Report, small-scale missions are the best for 
exploring the solar system. 

When the United States space program began in the 1960s with the Mariner series, the 
missions were double ones, with two identical craft sent. And as Mariner 2 proved, these 
smaller, more economical craft could be fully built in less than one year and multiple mis- 
sions sent on their way to explore the solar system. 

Larger missions take decades to plan out and extensive time to be cleared by the adminis- 
tration, and they cost vast amounts of money. It is possible for multiple missions to require 
less financing than a single costly mission. Microspacecraft are definitely the way to accom- 
plish our exploratory needs in the future. But instead of looking to the future, let’s first look 
to the past. After all, that’s when we were navigating the cosmos at an unprecedented rate. 
Let’s bring back the simpler (yet equally rewarding) micromissions. 

Many thanks to The Planetary Report for keeping these ideas alive and well. 

—BRIAN CHIARELLA, Wallingford, Connecticut 


If there is one hallmark that characterizes the human race and underlies its evolution from the 
days of its first appearance upon Earth, it is its unique ability and drive to search out its roots 
and seek out its future. To the extent that we deny this very essence of our humanity in favor 
of short-term gratification, we diminish ourselves as human beings. 

The Search for Extraterrestrial Intelligence is the very epitome of noble human endeavor, 
testifying to our respect for ourselves as uniquely endowed beings able, prepared and obligated 
to reach out to any companions with whom we may share the universe. 

The NASA budget item for this endeavor may well entail some small sacrifices in other areas. 
However, budgetary support of this modest effort will validate and confirm that in our current 
stage of human enlightenment we will not shrink from our heritage nor hide from our destiny, 
but will instead embrace this next great evolution in the unfolding saga of the human race. 
—JOSEPH E. MACHUREK, Crested Butte, Colorado 


Considering the very finite funding available for NASA and space exploration, I feel that 
continued funding for SETI should not be as high a priority as the Planet-Crossing Asteroid 
Survey. As much as I appreciate the eventual payoff of pure research, SETI seems to be the 
20th-century equivalent of the alchemists’ philosophers’ stone. 

A reading of Niven and Pournelle’s fictional Lucifer’s Hammer graphically points out the 
unimaginable disaster this planet could suffer from a hit by a comparatively small asteroid. 
As one who has worked on thermonuclear weapons as well as intercontinental ballistic mis- 
siles, I can only hope that some of these weapons will be kept at the ready to split or divert 
any asteroids heading our way, assuming they could be detected in time. 

—R. LAMAR SCHEUERMAN, Spring Valley, California 


If “telepresence” will let Mars astronauts stay in their base and “gain access to the whole 
planet” [see News Briefs in the July/August Planetary Report], why can’t that base be 
comfortably at Ames Research Center in Mountain View, California? 

—MORGAN C. LARKIN, Salem, Oregon 


One-way light-time—the time a radio signal takes to travel from Mars to Earth—varies from 
5 to 20 minutes, depending on the relative positions of Earth and Mars in their orbits about the 


Sun. This would make the control of a robot moving across the surface of an alien planet rather 


risky. With a dumb robot, by the time the operator on Earth realized that the machine was 
heading off a cliff it would be too late to save it. That is why martian robots need to be smart. 
—James D, Burke, Technical Editor 


The Pioneer 12 spacecraft, seared 
and pummeled as it flashed 
through the upper atmosphere of 
Venus, expired after 14 years of 
uncovering the mysteries of the 
cloud-shrouded planet. 

“This has been an enormously 
productive mission,” the project 
manager, Richard Fimmel, said at 
a combination briefing and wake 
held at NASA’s Ames Research 
Center. “In spite of the fact that 
we are sad at the loss of an old 
friend,” he said, “we have the 
satisfaction of a job well done.” 

Near the end, Pioneer 12 was 
128 kilometers (79.5 miles) above 
the planet’s surface and was 
making history as the first orbit- 
ing spacecraft to sample the high 
atmosphere of any planet. 

Project scientists lost radio con- 
tact with the craft at 12:22 p.m. 
Eastern time on October 8 and 
knew its mission was over when 
the signal did not emerge on 
schedule from behind the planet. 
—from Warren E. Leary in the 
Pasadena Star-News 


Early warning, good preparation 
and powerful equipment could 
provide the best view ever of a 
large asteroid as it zooms close to 
Earth in December, astronomers 
say. “This is the first time we’ve 
had something predicted ahead 
of time coming so close,” said 
Brian Marsden of the Interna- 
tional Astronomical Union in 
Cambridge, Massachusetts. 

The asteroid, first known as 
1989AC but now in the record 
books as 4179 Toutatis, “is quite 
a large object, several kilometers 
across. In December it will come 
to about 3 million kilometers 
(about 2 million miles) from us,” 
Marsden said. 

Steve Ostro of the Jet Propul- 
sion Laboratory said Toutatis 
presents an enticing target be- 
cause “it will make the closest 
approach of any known asteroid 
or comet between now and the 
end of this decade.” 

—from Robert Cooke in 
Newsday 3 


ihe of Mars taken from the bal- 
e SNAKE slowly glides over the unknown 
martian terrain. 
This is the story of the Mars Balloon, the SNAKE 


lightw eight and durable balloon materials—and mis- 
sion planners would need to know much more about 
how the martian atmosphere behaves. 

The tremendous success of the American Viking 
missions in 1976 once again ignited the fires to explore 
Mars. The first close-up pictures showed a planet 
whose desert terrain seemed not very different from 
Earth’s—so similar that we half-expected to see some 


ly sh 
face. We, a uman S; wished that some- 
how we could move the | anders around the 
adjacent rocks and over the hill, to see what 
might be there, just hidden from our view. Thus, 
the mobile exploration of Mars became a very hot 


The SNAKE does the job it was designed to do—slithering without snagging across 
a dangerous lava crevasse, one of the potential hazards the flight hardware may be 
expected to meet on Mars. Several years of testing various guide-rope concepts in 
California’s Mojave Desert refined the design of the SNAKE, seen here during the 


1990 test season. Photograph: James Cantrell 


balloons to Mars. The group from the French space agency 
(the Centre National d’Etudes Spatiales, or CNES), led by 
Venus Balloon veterans Jacques Blamont, Christien Tarrieu 
and Josette Runavot, was looking at a dual-balloon 
configuration (a montgolfiere and a helium balloon) that 
would make nightly landings. They focused on developing 
extremely thin and rugged balloon materials, and on fabri- 
cating and handling the very large balloons that Mars de- 
manded. In the Soviet Union, scientists led by Venus Balloon 
veterans Viktor Kerzhanovich and Raould Kremnev con- 
centrated on a nonlanding balloon configuration. 

In the United States, independent teams at the Jet Propul- 
sion Laboratory, Utah State University and the California 
Institute of Technology began to study balloon aerodynam- 
ics and the problem known as ground contact (that is, the 
balloon payload contacting and dragging on the surface). 
The work at JPL was led by Jim Burke, who had earlier 
raced the Soviets to the Moon as the project manager of 
Ranger. The group at USU was headed by Frank Redd, 
who had directed the development of the Inertial Upper 
Stage for the Air Force. Planetary Society Vice President 
Bruce Murray, a Mars expert and former director of JPL, 
led the work at Caltech. 

The Planetary Society closely followed and supported the 
work being done by the various groups. It contracted with 
aerospace consultant and longtime balloonist Tom Hein- 
sheimer and space veterans Harris M. “Bud” Schurmeier 
and Jim French to conduct studies, and worked to facilitate 
cooperation between the different groups for testing and sci- 
entific exchanges. In 1987, anxious to advance this new 
technology, the Society sponsored tests to address the prob- 
lem of ground contact. 

Two concepts were investigated: “point mass” (small 
boxes) and distributed mass, which evolved into a guide- 
rope similar in principle and shape to the classic hemp de- 
sign used by terrestrial balloonists for nearly two hundred 
years. The point masses were easier to house instruments in 
but snagged on the surface. The distributed mass payloads 
were excellent dynamically and did not snag, but instru- 
mentation was more difficult. The tests were to be pivotal 
in moving Mars Balloon technology closer to the realm of 
possibility. 


Enter the SNAKE 

The Planetary Society’s tests clearly demonstrated that any 
Mars Balloon design that is to fly near the surface needs to 
be equipped with a guide-rope. The guide-rope’s primary 
role is to enable the balloon to fly close to the surface with- 
out touching it while acting as an automatic ballast for the 
balloon’s buoyancy variation, as the heat from the Sun 
causes it to rise and nighttime cooling causes it to descend. 
If the guide-rope were to snag on the surface, the wind 
would blow the delicate balloon to the ground and it would 
be destroyed. Thus the guide-rope is, in this sense, an ex- 
tremely critical component of the mission. It must reliably 
and stably drag across unknown and rough surfaces without 
snagging. As a bonus, it could carry scientific instruments 
to study the martian surface. 

At Caltech, Bruce Murray had been thinking about the 
problem of ground contact and what instruments might be 
housed in a guide-rope. Jim Burke at JPL came up with an 
idea for a design based on overlapping cones. His original 
model consisted of taped 3-by-5-inch index cards attached 
to a central string. He dragged it over office obstacles to 


demonstrate the concept, then asked me to come up witha 
more practical mechanical design. 

After several long afternoons staring at Jim’s original 
model, and late-night discussions with my wife, Ellen, 
about emulating nature, I came up with a simple mechanical 
design. 

The new concept was the SNAKE. It looked like a snake 
when it moved, and its construction was based on the actual 
creature (which was Ellen’s idea). It was made by joining 
overlapping cones made of a strong and hard material in 
such a way that the dragging surface would always be 
smooth—much like the underside of a real snake—and the 
structural ensemble would be flexible. Inside there would 
be a central attaching structure, and instrument modules 
could be placed inside each segment. This construction 
would not only be practical to manufacture, it would permit 
a modular approach: The guide-rope could be lengthened 
or shortened as needed, and the cones could be varied as 
called for by local design requirements. 

The prototype, not much different from Jim’s original 
index-card model, consisted of rolled and riveted sheet 
metal cones, 15 centimeters in diameter and 30 centimeters 
long, attached to a central chain. The external shells were 
made of aluminum, and there was ample room on the inside 
for instruments. 


1 | The first field tests of the guide-rope idea pitted the point mass con- 
cept against the distributed mass concept. The green plastic box, seen 
here as it was dragged across a lava field by a helium-filled balloon, rep- 
resented a point mass that would serve as ballast for the balloon while it 
carried instruments that could easily be fitted into its box shape. How- 
ever, it snagged frequently and was easily damaged. The distributed 
mass concept, represented by the earliest SNAKE, won the competition. 
Photograph: James D. Burke 


and EY The 1988 tests focused on refining the SNAKE, which still 
needed a lot of work. Made of overlapping metallic segments, this 
SNAKE easily avoided hazards such as crevasses, large boulders and 
sand dunes, and only snagged when confronted with a bush—a hazard 
not anticipated on Mars. However, the thin metal of this prototype was 
not immune to wear and tear. Photographs: James D. Burke 


By the 1990 test season, the SNAKE had been made into a hardier 
beast, which passed all of its snagging tests with honors. This version 
carried instruments to measure its performance in greater detail than be- 
fore, and here the French team is preparing it for a test run across Palen 
Dry Lake in the Mojave Desert. A team member at right stands behind the 
test gondola, which in the flight model will carry sensitive instruments 
to measure the martian winds and weather, as well as a camera to return 
detailed images of the planet's surface. Photograph: Charlene M. Anderson 


I must admit that at the time I viewed this whole activity 
with impatience and disinterest. As a student of thermo- and 
fluid dynamics, I was much more interested in investigating 
the balloon’s aerodynamics and heat-transfer mechanisms 
than in bolting together aluminum cans. However, my affin- 
ity for building race cars and my respect for Jim Burke kept 
me and fellow student Ray LeVesque working in the base- 
ment of Caltech during the week and in garages on the 
weekend, on a weird thing that prompted the question, 
“What is that?” from everyone who saw it. 

The first tests of the SNAKE took place in the Mojave 
Desert in late 1987. The new configuration performed far 
beyond our expectations, gliding over rough lava fields, up 
slopes and across crevasses. Not only did it drag smoothly 
over the surface without snagging, it did so with astonishing 
ease, even on the severest surfaces. This slippery movement 
made the name SNAKE impossible to resist. 


Why Doesn't It Snag? 

Getting a guide-rope to move across a rough and rocky 
surface without snagging seems at first to be an impossibly 
complex problem. However, our tests have revealed several 
basic principles. A desirable guide-rope has a combination 
of global (or overall) flexibility and local rigidity. If the 
guide-rope is globally flexible (relative to the terrain’s 


macro scale) and locally rigid (relative to the terrain’s micro 
scale), then the combination of smooth dragging and snag- 
resistance is achieved. 

Our final design was further enhanced by adding a wire 
tail at the end of the SNAKE, This prevented the SNAKE 
from being whiplashed when dragging across the surface at 
high speed, and allowed a safe landing when the balloon 
was coming down fast. 


The SNAKE’s Mission 

The physical contrast between the guide-rope and the bal- 
loon is striking. Whereas the balloon is immense, made 
from very thin and delicate materials, and gracefully floats 
in the atmosphere, the guide-rope is small and built to with- 
stand enormous amounts of punishment. On Mars, it will 
get plenty of that: It is expected to be dragged hundreds of 
kilometers in its 10-day journey, over a terrain for the most 
part unknown but thought to include boulder fields, sand 
dunes and lava flows. It will move along this surface at 
speeds of up to 9 meters per second, raising vast amounts 
of dust as it goes. Its moving parts must therefore be able 
to operate in the presence of dust and sand, as well as at 
ambient temperatures as low as minus 110 degrees Celsius. 

To fulfill the mission requirements, the guide-rope must 
satisfy other constraints. It must have an overall length of 14 
meters, a diameter sufficient to house electronic modules 40 
millimeters in diameter by 200 millimeters long, and a total 
structural mass less than 7 kilograms; moreover, it must be 
able to coil into a space less than a meter in diameter—the 
available space on the Mars '96 descent module. 

Finally, the guide-rope must be compatible with steriliza- 
tion procedures that may be necessary to ensure compliance 
with planetary quarantine measures. Current sterilization 
methods vary for different portions of the descent module. 
The guide-rope, however, will be sterilized either by heat or 
by a hydrogen peroxide gas procedure, depending on final 
specifications. The effect of these procedures on the guide- 
rope is constantly being taken into consideration. 


The Home Stretch 

By early 1989, the various parts of the puzzle were falling 
into place, largely through the efforts of The Planetary So- 
ciety. While the French and the Soviets had reached a for- 
mal cooperative agreement, the US programs ran out of 
government funding. The Planetary Society, in a bold and 
decisive move, opted to lead the then-disintegrating US 
teams to keep alive their unique capabilities and help ensure 
the eventual success of this important scientific mission. In 
1989 and 1990, the Space Dynamics Laboratory of USU in 
Logan, Utah, joined the Society in supporting developmen- 
tal work on the SNAKE and balloon system performance 
analysis. This was part of an informal cooperative effort 
with CNES and the Babakin Center in Moscow. Our work 
centered on designing a smaller, leaner and more realistic 
SNAKE. 

Our Mojave Desert tests convinced CNES that the 
SNAKE was viable, and formal cooperation between 
CNES and the Society ensued. As a result, I was sent to 
France for two years to head up the mechanical develop- 
ment work on the SNAKE, which had shifted to CNES in 
Toulouse in 1990, and to transfer our hard-earned know- 
how to the French. 

For me personally, this was a very enriching experience, 
sometimes frightening, sometimes exciting, and sometimes 


bittersweet as well. For the French, it was equally enriching. 
I had to learn to read, speak and write French as quickly as 
possible, and the French team had to learn the secrets of the 
SNAKE that had been gathered over the previous four years. 

The work during this period progressed smoothly at 
times and not so smoothly at other times. The SNAKE’s 
design has gradually progressed, and we have overcome 
many technical and political hurdles, yielding what is now 
considered a mature mechanical design. One by one, the 
design’s mechanical problems are being resolved in the 
face of difficult mass and environmental constraints. 

Our confidence in the basic mechanical configuration of 
the SNAKE significantly increased after we tested it more 
thoroughly in the field. Several such tests were conducted 
between 1988 and 1991 using scaled balloon/guide-rope 
systems. By far the most interesting of these were the 1990 
Mojave Desert field tests (see the January/February 1991 
Planetary Report). A group of French, American and Soviet 
scientists and engineers put the balloon and its guide-rope 
through some intensive testing over sand dunes and lava 


fields very similar to those on the martian surface. Packed 
with measurement systems and electronics, it flew unteth- 
ered for up to 8 kilometers at a time, performing exception- 
ally well. There was no snagging, and the dynamics of the 
balloon, tether and SNAKE were acceptable. 

By the end of 1993, the SNAKE should be ready for 
qualification tests in which the whole system will be rigor- 
ously tested and punished in conditions as close as possible 
to those on Mars. Let’s take a look at what we hope will 
actually happen beginning in the autumn of 1996. 


Mission Preview 
On Earth, the gigantic balloon, the gondola and the guide- 
rope are carefully placed in the small descent module in 
preparation for the voyage to Mars. Neatly packed away in 
the same descent module is a small travel companion, the 
Mars Rover. The two will share the same space for nearly 
one year. Once Mars is reached, they will part ways. 

The ride to Mars begins with the launch of a Russian Pro- 
ton rocket carrying a cargo of a Phobos-class orbiter and the 


descent module. At Mars, the descent module is jettisoned 
from the orbiter and begins its fall toward the martian sur- 
face. At the proper altitude, the rover capsule is separated 
by parachute, and the descent module deploys the balloon. 
The balloon inflates automatically as it descends; the 
filling sequence lasts about five minutes. The highly com- 
pacted balloon (1 meter in diameter by 0.5 meter high) is 
transformed into a gigantic floating cylinder 42 meters 
long by 12 meters in diameter, holding 5,500 cubic meters 
of helium. Hanging below the balloon is a conical shield 
containing the still-undeployed gondola and guide-rope. 
The inflated balloon continues its descent until the shield 
reaches the martian surface. Then, the guide-rope is deployed 
from its coiled storage position, and its internal computers 
and instruments 
come to life. The 
balloon system has 
passed one of the 
most critical 
points in its mis- 


sion, inflation and deployment. It is now completely free to 
move, and it begins its 10-day journey. 

During the day, the balloon is heated directly by the Sun 
and indirectly by energy from sunlight re-radiated from the 
martian surface. The resulting increase in temperature cre- 
ates a net increase in lift, and the balloon rises from the sur- 
face. As it continues to ascend, its gondola instruments take 
measurements of the martian atmosphere. The balloon gas 
expands until the maximum volume is reached and the bal- 
loon is pressurized. 

The balloon now floats at a nearly constant altitude after 
having reached equilibrium. The gondola’s cameras photo- 
graph the martian surface, now | to 3 kilometers distant, 
with stunning precision, and its instruments continue to 
sample the atmosphere, studying every de- 
tail. Meanwhile, winds effortlessly ferry the 
balloon through the sky, high above the vast 
expanses of martian desert. 

As sunset approaches, the balloon cools, 
loses buoyancy and once again heads toward 
the surface. It is now several hundred kilo- 
meters away from its previous landing site. 

The guide-rope is the first and only part of 
the balloon system to touch the ground. The 
nightly landing throws it onto the surface at 
speeds up to 7 meters per second. Once the 
system has reached equilibrium after landing, 
the balloon and the gondola remain some 50 
meters above the ground. Roughly half of the 
guide-rope rests on the surface. 

As night falls, the titanium-clad guide- 
rope becomes the star of the show. The 
evening winds carry the balloon along, 
dragging the guide-rope over the rough and 
unknown martian surface. The SNAKE 
slithers along the rocks and sand as its in- 
struments take their measurements, continu- 
ing its mission well into darkness. 

As the temperature drops, the guide-rope 
becomes colder and colder. When its inter- 
nal temperature reaches minus 60 degrees 
Celsius, the guide-rope puts itself into a 
“sleeping” mode in order to conserve its 
precious lithium battery. During this phase, 
the evening’s data are safely stored awaiting 
transmission the next day. 

The guide-rope and balloon system con- 
tinue dragging through the night, during which ambient 
temperatures can reach minus 110 degrees Celsius. As the 
Sun rises the next morning, the balloon warms once again 
and gradually ascends. When the guide-rope reaches oper- 
ating temperature, it transmits its data to the gondola, which 
has a solid-state memory and a transmitter capable of send- 
ing the data to a spacecraft in martian orbit. The gondola 
waits for an overhead passage of either the Mars ’96 orbiter 
or the veteran Mars Observer, and transmits the data. The 
relay spacecraft in turn stores and then forwards the data to 
Earth. Back on Earth, many people will be anxiously waiting 
for their scientific booty from this strange martian explorer, 
the interplanetary SNAKE. 


James Cantrell is a mechanical engineer at the Space 
Dynamics Laboratory in Logan, Utah. He continues to 
work closely with The Planetary Society and CNES on the 
SNAKE’ s design, testing and hardware fabrication. 
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Mars Observer was launched from Cape Canaveral on September 25, 1992. It is now in the cruise phase of its 
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mission, which will end on August 24, 1993, when the spacecraft enters a highly eccentric orbit around Mars. 
Over the next 118 days, gentle pushes from its thrusters will slowly lower the spacecraft to a circular orbit 


378 kilometers (about 235 miles) high. The mapping phase of concentrated data-gathering will then begin. 
This phase will last for an entire martian year of 687 Earth days, taking Mars Observer through a complete 
seasonal cycle, At the end of this phase, the support mission for the Russian Mars 94 mission will begin. 
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>> Wher Is Encounter? 


\ ith the Voyager mission, the greatest mission 
of the past decade, space scientists and the 
| public became accustomed to speaking about 
“encounter,” the few days surrounding a spacecraft’s 
closest approach to its target planet. Encounters were 
characterized by their intensity, for the data flowed 
back to Earth like a flash flood, threatening to engulf 


mapping orbit is reached. 

Even the achievement of the 
mapping orbit and the beginning 
of observations will be no occasion 
for an encounter. The telecommuni- 
cations revolution of the past 
decade has made the encounter gathering of scientists 
unnecessary. Instead, Mars Observer researchers will 
sit at their home institutions and receive their long- 
awaited data through a computer network linked to 
the operations center at JPL. 

All of these changes will help make Mars Observer 
a cost-effective and scientifically efficient mission. 
But at a price. Without an exciting, ephemeral encounter, 
and the intense press coverage it can generate, the 
public who paid for the mission will find it more 


the scientists who gathered at the Jet Propulsion Labo- difficult to share in the excitement of discovery. It 


ratory to receive in a torrent the planetary data that 
they would study for the next few years. 


The press also gathered, to relay 
the rush of encounter news to a wait- 
ing public. Scenes of scientists and 
mission managers breathless with 
discoveries flashed across the 
evening news, and newspapers and 
magazines carried major stories 
about the triumphs of Voyager. 

It will be different for Mars Ob- 
server—there will be no fleeting or 
dangerous flyby. The spacecraft will 
reach Mars on August 24, 1993, and 
begin a laborious, 1 18-day-long pro- 
cess to circularize its orbit. Although 
some of Mars Observer’s instru- 
ments, such as the gamma ray spec- 
trometer and magnetometer, will 
collect data during the cruise to 
Mars, most of the instruments will 
not go into action until the circular 


will be a challenge to The Planetary Society to bring 
Mars Observer’s findings to you. 


Mars Balloon Relay 


ars Observer will carry a small radio, built by the French space 
gi) agency, that will receive and relay to Earth data from the Rus- 

§  & sian small stations and penetrators that will be part of the 
Mars '94 mission. This radio is called the Mars Balloon Relay, for it 
was originally conceived by Planetary Society Advisor Jacques Blamont 
as a way to transmit high-resolution imaging data from the Mars Balloon 
back to Earth. As Society members know, the Mars Balloon was once 
scheduled to be launched in 1994 as part of the Soviet Mars ’94 mission. 
But political and economic vicissitudes took their toll, and the balloon 
was postponed until the 1996 launch opportunity to Mars. 

If Mars Observer survives until 1997, when the balloon is now sched- 
uled to arrive, the relay may still be working and could fulfill its original 
function. It may well be called upon to transmit data from the latest 
addition to this mission, the Mars Rover. 


A WF ars Observer began life under 
ij i” | a different name: Mars Geo- 
@ = science/Climatology Orbiter. 
This much more descriptive, if un- 
wieldy, title gives an immediate idea of 
the mission’s purpose: to study the sur- 
face and atmosphere of Mars. The Mars 
Observer Science Working Group, a 
NASA committee, set out five primary 
objectives. In the committee’s official 
words, the mission will: 

* Determine the global elemental and 
mineralogical character of the surface 
material. 

¢ Define globally the topography and 
gravitational field. 

¢ Establish the nature of the magnetic 
field. 

¢ Determine the time and space distri- 
bution, abundance, sources and sinks of 
volatile material and dust over a seasonal 
cycle. 

¢ Explore the structure and aspects of 
the circulation of the atmosphere. 

If a reader can penetrate this scientific 
jargon, one of the overarching goals of 
Mars Observer will spring into view: 
the search for water on Mars. Mariner 9, 
launched in 1971, surprised nearly ev- 
eryone with its discovery of vast chan- 
nel systems etched into the martian sur- 
face, suggesting that liquid water once 
flowed abundantly on Mars. Where did 
it go? The largest remaining water reser- 
voir is the north polar cap, but that con- 
tains only a fraction of the water that 
would have been needed to carve the 
features discovered by Mariner 9. Some 
small amount of water vapor exists in 


Mars 
Observer 
as it 
should 

) appear 
in orbit 
around 
the Red 
Planet. 
Painting: 
JPL/NASA 


= What Will Mars Observer Teach Us? 


the atmosphere, sometimes forming 
tenuous clouds or condensing on the 
surface as frost. Was the rest lost to 
space, or is it hidden beneath the sur- 
face, frozen as permafrost in the soil of 
Mars? A good portion of the scientific 
energy soon to be expended in the Mars 
Observer project will go toward answer- 
ing such questions. 

The Mars Observer mission is sched- 
uled to last for one martian year, or 687 
Earth days. Mars’ axis is tilted 24 de- 
grees, an obliquity almost identical to 
the 23.5-degree tilt of Earth. The Red 
Planet experiences winters, springs, 
summers and falls similar to our own 
seasons, but Mars’ seasons are about 
twice as long. Mars Observer’s year- 
long mission will give it time to track 
seasonal changes through one full cycle. 

When Mars Observer has completed 
its mission, we will have learned much 
about the climate of Mars and its simi- 
larities to and differences from that of 
Earth. We will know much more about 
the rocks, soils and surface features of 
Mars, where there are good landing sites 
and whether or not there are usable re- 
sources for those who will eventually 
walk on the Red Planet. 

Mars Observer is an exciting mission 
of scientific discovery, but it is also a 
precursor for missions that are sure to 
follow: mobile robots, then sample re- 
turns, orbital reconnaissance and— 
eventually—human explorers. Mars 
Observer is a very large step toward the 
day humans will settle another world. 
—Charlene M. Anderson 


A Y SPE ie CTR \OME Sal 


aye} 


Detects a HEASUPES: Gamma Tays 
mitted by the planet's surface. These 
ata will allow researchers ta identity 
some ol the chemical elemenis present 
and determine {he amount of each. 


nase Kt Theaslines any ane ar 

Joga! magnetic fields, If Mars possesses 
a magnet [leld) (hese insiiments can 
lucy isinteraction with the solar wind. 


rare detailed ee ol * SEE 
aud makes daily record of the martian 
Weather. This instrament consists of one 
high-resolution, narrow-angle camera and 
two low-resolution, wide-angle sameras. 
The MOG will haye the highest resolution, 
op ability ta See details, of any, camera 
ever flown on @ planetary spacenralt 


pa thermal catiatent an the 
atmosphere. ft will produce alfitare 

profiles of temperature, water vapor, 
pressure, dusl and Gland composition, 


_ LA SER A \LTIMET 
ses ee laser pulses th measure 
fistance from Spacecralt to surtace, With 
these dala) fesearvhers can cuustruel 
Tiep of the suntace topography. 


‘ER 


> RADIO SCIENCE 
Tsas {he a tadio system to 
peabe themartian gravity, field and 
atmuspiiere. Hesearchers ram lranslate 
changes in the radio signals ito data 
about the tempenatime and pressure 
willtin the atmosphere. 


Takes infrared measurements to deter- 
mine surlace temperature and mineral 
composition, This jnstrument will also 
study atmospheric dust and cloud 
Romposition, 44 


a moment that can never be repeated: Finding 

myself standing in the middle of Death Valley 
at the beginning of summer, watching a robot 
bound for Mars climb a boulder-covered hillside, 
in the company of Russians, Hungarians, French 
and Americans, all working together to turn a 
dream of planetary exploration into reality. 

That was the essence of The Planetary Society’s 
1992 Mars Rover test program. From May 22 to 
May 25, an international team of scientists, engi- 
neers, students and volunteers strained to their 
limits to test the capabilities of a short, squat, six- 
wheeled, low-riding robot designed to explore the 
alien terrain of another planet. 

And while the technical Mars team members 
sweated in the sun, pushing themselves and the 
equipment to the utmost, they were cheered on by a 
crowd of Society members who had traveled to this 
desolate corner of Earth to witness what could be a 
turning point in the history of planetary exploration. 

The genesis of this Mars Rover test program 
was in a chance meeting in 1989 between Society 
Executive Director Louis D. Friedman and Alexan- 
der Kemurdjian, designer of both the Lunokhod 
that explored the Moon in the early 1970s and the 
prototype of the Marsokhod that is scheduled to 
land on the Red Planet in 1997. They exchanged 
visits to each other’s headquarters, and in 1991 
Friedman traveled to Kamchatka to observe field 
tests of the Mars Rover on some of the most inhos- 
pitable terrain in Russia. 

With the experience of the 1990 tests of the Mars 
Balloon in the Mojave Desert to draw on, Friedman 
suggested to the Russian rover team that they might 
benefit from testing their robot on some of the most 
inhospitable terrain that the United States has to 
offer: the California desert. The Russians accepted 
the invitation, and a scouting party chose two lo- 
cales as the most Mars-like sites: Dumont Dunes 
north of Baker and Mars Hill in Death Valley. 

We realized from the beginning that this expedi- 
tion would test more than equipment and algorithms. 
The Planetary Society’s 1992 Mars Rover test pro- 
gram was—first and foremost—an experiment in 
team-building. We proved that Russian, American, 
French and Hungarian scientists and engineers can 
work together smoothly to develop an innovative 
’ vehicle to explore Mars. 

And, of equal importance, we also proved that 
members of the general public can work with the 
specialists as well as cheer them on from the side- 
lines to enhance the success of an equipment test 
program. 

When I listened closely, I could hear Hungarians 
and Russians communicating in English, Americans 


H t was a series of improbable events, leading to 


chatting with Russians in French, and English 
touched with British, Italian, German and Mexican 
overtones. When words failed, gestures sufficed. 
American and Russian children, neither speaking 
the other’s language, established friendships that 
have a chance of lasting long beyond the end of the 
desert tests. We all learned that language need not 
be a barrier between people. 

When I looked around, I saw the most amazing 
and once impossible scenes: Sitting together in a 
precious bit of shade, casually untangling muddles 
of string, were Russian and American engineers 
who had once competed with each other in the 
deadly serious Space Race of the 1950s and 1960s. 
Toting and hauling loads of equipment from the 
back of a rental truck were retired project managers 
from the Jet Propulsion Laboratory, who had led 
the US from the Moon to the outer planets, along 
with students from UCLA, Utah State University 
and the California Institute of Technology. And 
Russian technicians from a once secret institute 
were patiently driving the rover up and down 
Mars Hill for a ponderous IMAX camera filming 
the scene for audiences around the world. 

What made these desert tests particularly special 
for The Planetary Society was the ability to invite 
our members and the general public to witness the 
experiments. Despite the threat of 120-degree 
Fahrenheit days and the daunting remoteness of 
Death Valley, more than 100 spectators turned out 
every day to watch the little robot scratch its way up 
and down a rocky hill. Every morning the spectators 
beat the technical team out to the test site, and many 
stayed until the last bit of equipment was packed 
up for the day. The technical team was impressed. 
Fears that the spectators might get in the way were 
completely dispelled. Many team members enjoyed 
performing before an audience and fielded questions 
about the rover with delight. 

With this issue of The Planetary Report, we want 
to share the experience of the 1992 test program 
with Society members who were unable to travel to 
the desert with us. We asked several members of 
the Mars team to contribute 500 words each on the 
significance of The Planetary Society test program. 
It was difficult to condense their experiences into 
so few words, and not all succeeded, so while we 
begin the feature in this issue, we will have to con- 
tinue it in our January/February 1993 issue! 

So share with us now the excitement and 
achievement of The Planetary Society’s 1992 Mars 
Rover test program. And hope with us that we will 
be able to repeat this series of improbable events 
and bring the people of Earth a little bit closer to 
exploring the surface of Mars. 

—Charlene M. Anderson 
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The Russian 


Death Valley 
Experience 


by V.V. Gromov 


Mars '96 project involved specialists from Russia, 

the United States, Hungary and France. The engi- 
neering experience developed in the various countries was 
successfully combined to create a ground system and an 
onboard system for controlling the operation of the rover 
mock-up, thereby creating the necessary environment for 
carrying out the mobile testing for the Mars ’96 project 
under field conditions. 

Such testing is necessary to develop methods for control- 
ling the motion of the rover and to accumulate experience 
and develop driving skills, especially with the mock-up in 
the self-contained control mode. 

The tests were generally successful and fruitful. They 
were an important phase in the experimental development 
of the rover; however, they should be treated as but the 
initial phase in an extensive developmental program. 

The fundamental components of the technical systems re- 
quired for operation on the surface of Mars were integrated 
for essentially the first time during the tests. The following 
components were included: 

¢ Self-propelled chassis 

¢ Onboard computer system 

* Television systems (including the radio link) 

* Radiotelemetry system 

* Radio command system 

* Onboard electric power source 

* Mobile control panel 
This system enabled us to carry out a wide variety of tests, 
especially since it was in mobile form and could be trans- 
ported from site to site. Assembling and mastering the oper- 
ation of the mobile control system was an important step in 
preparing for and carrying out the tests. During the tests, 
methods for organizing the work of controlling the Mars 
Rover were formulated, and algorithms and software were 
developed for data transmission and analysis, for the gener- 
ation of commands and for the identification of dangerous 
situations and insurmountable obstacles. 

One quite interesting (and characteristic) feature of the 
testing process was that it involved specialists working on 
different aspects of the mission, even though the experi- 
ments were oriented toward solving the overall problems 
involved in the rover’s development. Every specialist was 
able to see his or her own contribution in the form of the 
final result, which enabled each one to more deeply under- 
stand the sense of the problem to be solved. In such an envi- 
ronment, new ideas and approaches arise especially often, 


T ests of the mobile mock-up of the Mars Rover for the 


and previous work is evaluated more critically. This all 
provides a very important stimulus for further progress. 

Several such instances occurred during the testing. For 
example, the requirements on the location of the television 
cameras, the field of view of the cameras, the method to be 
used in rotating them, and the form in which the data were to 
be displayed on the monitors were formulated quite rapidly. 
They will most likely be used in the actual rover. 

As part of the testing, the efficiency of motion on sandy 
soil having grades of various steepness and on stony ground 
with various densities of obstacles was estimated, and algo- 
rithms were developed for avoiding insurmountable objects. 
This was the final result of the testing. Obtaining this result 
required a large amount of experimentation with the data- 
and command-processing equipment, the onboard and 
ground computer systems, the onboard automated systems 
and the sensors. However, the limited duration of the tests 
did not enable us to accumulate a sufficiently large amount 
of statistical material. This will also require more detailed 
research and description of the regions where testing is to 
be carried out. 

The Death Valley tests are, in my view, very important 
for future planetary research. The foundation of Mars re- 
search with the Mars Rover was essentially laid there. The 
areas selected were quite similar to regions on Mars, the 
rover mock-up was relatively similar to the real rover, and 
it could clearly be said that we had taken the first step in 
“flying to Mars together.” 

Among the practical applications resulting from the tests, 
we should note that use of the mobile control system will 
assist us in the development of new techniques for control- 
ling the rover. Such a system can be used in the real-time 
development of programs for the operation of the Mars 
Rover on the surface of Mars; the test results may be used 
to prepare the required programs and commands. 

Similar systems may also be used for training and select- 
ing specialists in Mars Rover control and for commercial 
activity aimed at involving firms in space research. More- 
over, carrying out such testing will enable us to evaluate 
the possibilities for using rovers on other planets. 

One important point about these tests is that the broad 
scientific public, the media, various specialists from scien- 
tific and industrial organizations, space travel and technolo- 
gy enthusiasts, curious people and children were involved. 
I believe it is extremely important for the development of 
space research and exploration to have the worldwide pub- 
lic understand the goals of and the reasons for space explo- 
ration, and to have the involvement of enthusiasts, young 
people, entrepreneurs, politicians, sponsors and other cate- 
gories of energetic, intelligent people. 

Virtually anyone could have become involved in the test- 
ing of the Mars Rover in Death Valley as an observer. This 
is extremely important, since it means that participation in 
space research and exploration has become accessible to all. 

The cosmos should be accessible to all, both individual 
countries and individual people. The significance of the tests 
carried out here is that it was virtually proved that it can be. 


V.V. Gromovy is chief designer at the Mobile Vehicle Engi- 
neering Institute (VNII Transmash) in St. Petersburg. 


Translated by Paul Makinen. 


Geomorphology of the 
1992 Mars Rover Test Sites 


Dumont Dunes, located about 95 kilometers (60 

miles) north of Baker, California, and Mars Hill, 
located inside Death Valley National Monument, just 
south of the exit from Artist’s Drive. 

The dunes are built up of windblown sand gathered from 
across the Mojave Desert. They are among the largest in 
California and move about on the surface of a playa (dry 
lake). The exposed playa surface gave relatively easy 
vehicular access to the test site. The large, active dunes 
provided a picturesque setting, as well as a simulation of 
the dune fields expected in the northern plains of Mars. 

The rover tests were conducted on the slip face of a dune 
about 20 meters (65 feet) tall. The lower half of the dune 
face was at a slope of about 25 degrees, and the slope of the 
upper half was closer to 30 degrees, the maximum stable 
slope for sand dunes. The top meter or so of the dune was at 
a supercritical angle of 33 degrees, making the top of the 
dune particularly susceptible to collapse. 

Mars Hill is the eroded terminus of a basaltic lava flow. 
Its surface is nearly identical to that observed on Mars by the 
two Viking landers, consisting of angular basaltic boulders 
ranging in size from a few centimeters to a few meters sitting 
within a coarse, sandy fill. This fill is a mix of erosion prod- 
ucts from the lava flow and windblown sediments. 

The tests were conducted primarily on the slopes of Mars 


T he 1992 Mars Rover tests occurred at two sites: 


by Laszlo Keszthelyi 


LEFT: The starkly beautiful Dumont Dunes provided a spectacular setting for 
the first day of testing. These wind-sculpted formations towered 100 meters 
above the test crew and dwarfed the little Mars Rover, seen here on the slope 
just above the ring of cars and trucks. Because of the difficulty in reaching 
the site (even some of our four-wheel-drive trucks got stuck in the sand), 
we did not open these tests up to the public. 

Pilot (and JPL manager) Roger Bourke provided aerial reconnaissance for 
the rover test program. His wife, Margaret, drew the not highly sought after 
assignment of hanging out of the cockpit window and photographing the 
activities from above. 


ABOVE: Mars Hill rises like a blackened kidney from the sandy floor of Death 
Valley. Scientists who had worked on the Viking project in the 1970s noticed 
the similarity of the lava-boulder-strewn hill to the sites where the Viking 
landers touched down. The name “Mars Hill” entered common usage in the 
planetary science community but does not yet appear on any official maps of 
the area. However, two Planetary Society members who witnessed the tests 
have made it a personal project to convince the United States Geological 
Survey to recognize the name and so memorialize the hill as a site where 
Mars-bound spacecraft can be tested. Photographs: Margaret Bourke 


Hill but also on its top and on the surface surrounding the 
hill. Only the top of Mars Hill matches the Viking sites in 
terms of the size distribution of boulders. However, the 
slopes of the hill provided a more challenging test because 
they have a greater density of boulders and the boulders 
have a larger mean size. The surface surrounding Mars Hill 
consists of hard-packed clays with occasional gravel- to 
cobble-sized clasts and a light dusting of windblown sand. 


Laszlo Keszthelyi is a graduate student in geology at the 


California Institute of Technology. 15 


TOP: Artist Michael Carroll accompanied the Mars Team to Mars Hill to capture 
the experience in the medium of paint. Like many of us there, he was captivated 
by these two Planetary Society members, who were eminently prepared for the 
desert conditions. Each morning they set up their matching chairs and umbrel- 
las and set out a tempting spread of food and drink. Even in the heat and dust, 
they watched the rover perform in comparative luxury. Their colorful umbrellas 
provided a delightful splash of color for the desert test site and for this oil 
sketch. Painting: Michael Carroll 


ABOVE: What they saw was an amazing demonstration of mobility and flexibili- 
ty. The three segments of the rover chassis are independently hinged to enable 
the robot to navigate uneven, rocky terrain such as Mars Hill. The chassis has a 
very wide footprint, making it extremely difficult to tip over. The treads on the 
cone-shaped wheels give it traction on almost any type of surface. 


Photograph: Charlene M. Anderson 
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most significant achievements in the history of The 
Planetary Society. We have many reasons to be proud: 

* Using our own resources—our members’ donations— 
we brought together six space agencies to test a prototype 
Mars Rover. 

* Scientists and engineers from many diverse sources, 
speaking at least four languages, worked together as a highly 
coordinated team, the likes of which could not have easily 
been created by an official government space agency. 

* The mobility and control experiments conducted by our 
team considerably advanced the development of the rover. 
Flight project implementation is now closer to reality. 


T he Death Valley Mars Rover tests represent one of the 


Reasons to Be Proud 


by Louis D. Friedman 


* The tests focused media attention around the world on 
continuing missions to explore Mars. IMAX, Smithsonian, 
national television news and other shows sent crews to film 
the tests. Many newspapers also covered it. Without the ex- 
citement generated by the Death Valley test program, the me- 
dia might have overlooked this serious yet innovative project. 

* Our multipartite success helped lead to official NASA 
participation in the Mars '94 mission. 

But we have done more: We have established a precedent 
for private-citizen involvement in planetary exploration. 

The Society is, after all, only a collection of individuals who 
are interested in and willing to support planetary exploration. 
Most have no professional role in carrying out spacecraft mis- 
sions; only a few thousand people around the world do. 

The test program gave our members a chance to show that 
they care about the exploration of Mars. Given this chance, 
they seized it, and were able to influence the development of 
a scheduled planetary mission. 

We hope that our members’ enthusiasm is a microcosm of 
general public interest in Mars exploration. It is the first prior- 
ity of the Society—by its existence—to testify to that interest. 

I think there is no better way to testify to public interest than 
by what we did in the rover tests. Our organization made it pos- 
sible for people to become part of the sometimes distant and 
arcane process of space science and technology development. 

Many of the Russian scientists and engineers who traveled 
to Death Valley with us work for an organization (VNII 
Transmash) that only three years ago was unknown to the 
outside world. Its very name was a secret. In Death Valley 
I watched them working on their equipment less than two 
feet away from a crowd of citizens of half a dozen countries. 
I saw people tap them on the shoulder and ask questions to 
which they always provided courteous answers. Another 
image that sticks with me is that of two Russian engineers, 
one of our American graduate students and one of the 
Hungarians bent over the rover, making television system 
adjustments—as one team. 

This was a moving experience for me. For the engineers 
and scientists, as well as for the public, this interaction 
demonstrated why the activity of space exploration tran- 
scends its status as line items on national budgets. 

I will admit that opportunities like this do not come along 
very often and, for all the credit Planetary Society members 
and staff deserve in making this one happen, we have an in- 
creased responsibility to seek out more opportunities. 

By their cost and ambition, large space ventures will re- 
main the activities of governments for the time being. Citizen 
support and private funding will play only a limited role. It is 
up to The Planetary Society to leverage that role to achieve 
the broadest possible results. 

Thus, by our success, we have set for ourselves a difficult 
challenge: to find new ways to involve private citizens in 
planetary exploration. I believe that Planetary Society mem- 
bers accept that challenge. 


Louis D. Friedman is the Executive Director of The Planetary 
Society. 


Lessons of the 
Great Rover Ad 


by Thomas Heinsheimer 


ful activity because it proved what could be done 

with a small nucleus of enthusiastic people work- 
ing within a relatively informal management structure. 
This may be the model for the future; the more elaborate 
development and test processes of the space agencies 
would have made such a field test unaffordable, unattain- 
able on the short schedule and so beset by rules, proce- 
dures, restrictions and checklists as to become a quagmire 
for all concerned. 

Instead of the canonical “‘ad hoc committee” or 
“working group” process, we found that a good level 
of international coordination was attained using e-mail 
and fax systems. This was a triumph of liaison by low- 
cost telecommunications over the old way of high-cost 
travel and committee meetings. The Planetary Society 
should get high marks for having promoted, sponsored 
and provided much of the communications equipment 
that made this liaison process not only possible but rela- 
tively painless. 

By avoiding large management structures and their 
time-consuming internal coordination process, the need- 
ed approvals could be obtained by a few Planetary So- 
ciety personnel by telephone and confirmatory letters, 
with a minimum of travel. Moreover, the logistics could 
be kept within reasonable limits. No self-appointed par- 
ticipants, coordinators or VIPs needed accommodations, 
make-work tasks or adulation at the test site. All mem- 
bers of the small team had constructive tasks. This left 
space and facilities for the invited public and the media. 

The media were enchanted by the refreshing candor 
of the operation. Rather than facing canned briefings 
and being separated from the action, they were encour- 
aged to mingle freely with the players on the field, 
speaking to anyone about anything, taking any pictures 
for any press purpose without restriction. The resulting 
coverage was without the cynicism often seen in the 
modern press. It was factual, accurate, extensive and 
spectacularly well placed. 

The participation of an informed and enthusiastic 
public further enhanced the atmosphere. This had a 
beneficial effect on the attitude of the press and rein- 
forced the morale of the test participants when heat, 
fatigue and occasional technical disappointment tended 
to get them down. 

The success of the Death Valley rover tests was the 
result of a clear and supportable program objective, free 
access to the ongoing activities by the public and the 
media, and efficient management by a lean organization. 


T he Death Valley operation was a uniquely success- 


Thomas Heinsheimer is vice president and chief scien- 
tist at Steve Myers and Associates. He is not only a 
leader in the aerospace industry but also a balloonist of 
international renown who has made numerous flights 
using helium and hot-air balloons as research vehicles. 
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The Mars Rover left tracks in the sands of Dumont Dunes unlike anything this 
highly popular off-road recreation area had seen before. The rover’s conical wheels 
are the result of a long process of experimentation at the Mobile Vehicle Engineer- 
ing Institute (VNII Transmash) in St. Petersburg. The ancestors of this robot, the 
Lunokhods that explored the Moon in the early 1970s, had spoked wire wheels, and 
its designers have tested hoppers, skiers, walkers and vehicles with tank treads. 
For the varied terrain of Mars, they have settied on this six-wheeled configuration. 


INSET/TOP: Were this a normal vehicle, being up to its hubcaps in sand might prove 
embarrassing. But the Mars Rover was in no difficulty as some of its wheels sank in 
the soft sand as it neared the summit of a dune. The hinged front and rear segments 
are able to extend independently from the rest of the chassis, establish a foothold 
and pull the rest of the rover along. This motion resembles somewhat the motion of 
an inchworm moving along a branch. 


INSET/BOTTOM: Sometimes, after the rover had scraped and climbed to the top of 
the hill, it returned to the setup site under a different means of locomotion. Using 
a specially built stretcher, six team members navigated the difficult terrain them- 
selves, and conserved the precious batteries concealed in the rover's wheels. 


Photographs: Charlene M. Anderson 17 
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The Panoramic Camera 


Navigating the Rover: 
The French Stereo Cameras 


by Marcel Lamboley 


by the Russian Space Agency. On the Mars ’'96 lander, the 

Russians plan to include a small rover for scientific and 
technological purposes. In the nominal plan, this rover would 
be teleoperated from Earth. Thus, because of the long opera- 
tional cycle of one command and response every second day, it 
could move only short distances at a time and its range would 
be very restricted. 

In an attempt to improve this situation, we have worked up 
some concepts regarding the three-dimensional reconstruction 
of terrain and the generation of paths. A computer on board the 
Mars Rover could then recognize an obstacle in its path and 
plot a course around it. 

There is a major constraint in implementing these concepts: 
The computer processor on the Mars Rover is not fast enough to 
run our present 3-D reconstruction or path-generation algorithms 
in real time. But because there will be a two-day command— 
response cycle, even if the onboard computer is limited to one 
hour of processing it will have time to compute the new path. 
Such algorithms can significantly improve the rover’s range. 

For this reason, it is worth adapting and optimizing the algo- 
rithms we have developed and assessing their performance and 
the required processing resources. This is now in progress at the 
Centre National d’Etudes Spatiales (CNES). 


E:::: is a major partner in the Mars ’94/’96 project headed 


Picture-Taking Tests 
The Planetary Society’s Death Valley campaign of experimen- 
tation was a good opportunity for the French team to see the 
prototype rover operating in a realistic, Mars-like environment. 
Moreover, it enabled us to collect representative pictures to use 
as test data for our algorithms. 

With two CCD (charge-coupled device) cameras mounted on 


the moving Mars Rover, we acquired a series of stereopair im- 
ages. Calibration was done using a target, and the direction and 
attitude of the rover were measured for each pair of pictures. At 
some of the stopping points, the panoramic camera of Ball Aero- 
space took pictures, which should allow us to identify the largest 
rocks met by the rover during its motion. These rocks have been 
measured to check the accuracy of the 3-D reconstruction. 

When the rover was unavailable, we took triplets of pictures 
at both the Dumont Dunes and Mars Hill sites using three 
CCD cameras mounted on a tripod, The landscape on Mars 
Hill included rocks of different sizes, some surmountable, and 
some not, but suitable to test both our 3-D reconstruction and 
the path-generation algorithms. With the panoramic photographs 
of the site and measurements of the largest rocks, we were able 
to check the accuracy of the 3-D reconstruction from these 
stereo cameras also. 


A Worthwhile Campaign 
For all the participants, the Death Valley experimentation was an 
opportunity to verify the remarkable locomotive properties of the 
Mars Rover on both sandy and rocky terrain. Furthermore, our 
French team brought back from Dumont Dunes and Mars Hill a 
large set of stereographic pictures that have proved very useful 
in testing our algorithms for stereovision and path generation. 
We appreciated the cooperation among the different teams 
during this campaign, and also the efficient Planetary Society 
organization, which made it possible to work under the difficult 
conditions of Death Valley. 


Marcel Lamboley, of the Centre National d ’ Etudes Spatiales in 
Toulouse, was in charge of the French television team for the 
1992 Mars Rover tests. 


Testing the 


Onboard Computer 


by Jozsef Biro 


Physics (Budapest, Hungary) is providing the onboard 

computer (both hardware and software) for the Mars 
Rover. This computer will control all the scientific and 
service functions and perform the task of autonomous 
navigation. For the tests in Death Valley, we delivered a 
preliminary version of the computer. 

Because the tests took place at an early stage in the proj- 
ect, the goals were different from the final specifications. 
Thus the onboard computer had limited tasks as well. The 
first two tasks relate to remote control; the third, to autono- 
mous movement: 

* To collect data from sensors mounted on the vehicle 
and transmit these data back to the control van. 

* To decode and execute motion-control commands re- 
ceived from the control van. 

¢ To check the data from the sensors and take necessary 
action in an emergency. 

Although the final vehicle will be able to navigate nearly 
autonomously, we need remote control for several reasons. 
It has an important role in testing different parts of the 
system during development, and will supplement the 
autonomous movement during the mission itself. And it 
will make it possible for us to take control of the vehicle 
if the navigation system should fail. 

Since the safe remote control of the rover was essential for 
the success of the Death Valley tests, the onboard computer 
had to work reliably. The minimal goal of the Hungarian 
team members was to ensure this reliability. We have to 
emphasize the difficulty of this, as the whole control system 
had been set up in only four months. 

The third task represents the first step toward autonomy. 
The onboard computer regularly checked the sensors that 
described the position and mechanical status of the rover. 
If the computer sensed a dangerous situation or an obstacle, 
it took the necessary action to avoid disaster. This action 
could be a simple “stop” command or a more difficult se- 
quence of commands, depending on the conditions. This 
was the first time that we included any kind of autonomy 
in the system, so one of our most important engineering 
goals was to investigate how the algorithms worked. 

The results of the tests were promising. The onboard 
computer worked flawlessly, as did the rest of the system, 
for the most part. This permitted us to concentrate on real 
technical problems. 

The algorithms for emergency checking worked well. 
Our previous ideas about possible sources of danger (tip- 
ping over, getting stuck in soft sand) proved to be mostly 
correct. We fixed the problems (there were not many) 
easily during the tests. 

The Death Valley tests gave a new momentum to the de- 
velopment of the Mars Rover. We answered a lot of ques- 
tions, and now we can go on to work on new problems. In 


T he KFKI Research Institute for Particle and Nuclear 


ABOVE: At the beginning of the test program, at Dumont Dunes, the 
tracks of the rover seemed strange and alien, almost as if they were the 
marks of a robot from another world. By the end of the program, they 
were as familiar as our own footprints, and the tracks wending their 
way up Mars Hill were symbolic of the success of our tests. On this hill 
in Death Valley, there is also an ancient Native American site that we 
roped off. Both the test team and the spectators carefully avoided it. 


INSET: The Mars Rover misbehaved only once during the entire test 
program: when NASA Administrator Daniel Goldin came to visit. At the 
Pasadena setup facility, the rover's handlers attempted to demonstrate 
how the obstacle-avoidance computer program worked by having the 
rover deliberately drive into a barrier. The program failed to function, 
and the rover twisted itself into strange positions in a vain attempt to 
overcome the barrier. However, this incident did demonstrate the 
amazing flexibility of the rover chassis. 

Photographs: Charlene M. Anderson 


the near future, we will focus on two important tasks. The 
first is developing a new onboard computer with highly in- 
creased computing power so that it will be able to perform 
the image processing for autonomous navigation. The sec- 
ond is improving the image processing itself. During this 
work we will mainly use the pictures taken in Death Valley. 
The tests had more than scientific and engineering profit. 
The participants also wanted to demonstrate their activities 
to the general public. As the project is really exciting and 
spectacular, it was easy to draw attention to it. In Hungary, 
articles on the Death Valley rover tests appeared not only 
in professional publications but also in the most popular 
daily newspaper. 


J6ézsef Bird is a member of the Hungarian team for the 
Mars °96 mission. 


Thanks for the Rover Tests 


by Louis D. Friedman 


yy) he 1992 Planetary Society Mars Rover Death Valley 

test program was an extraordinary event, made possi- 

ble by a unique confluence of people from around the 
Earth. There may never be anything like it again, although 
I hope that The Planetary Society will continue to find experi- 
mental programs with which we can advance the prospects 
of planetary exploration. It was the people involved who 
made these tests special. There are far too many for me to 
mention each one personally here. 

First and foremost I must thank the thousands of members 
of the Society who donated the funds to make the tests possi- 
ble. Then there were more than 150 members who made the 
trip to Death Valley to watch the rover go through its paces. 
Their loyal presence cheered us on (some were always on site 
before the technical team arrived in the very early morning). 

Scientists, engineers and expert technicians traveled 
from Russia, Hungary and France to take advantage of the 
harsh California desert test sites. Their dedication to the 
rover program may be the single most important element in 


making its Mars mission happen. 

The Planetary Society contingent was a conglomeration 
of people with different backgrounds and skills. The techni- 
cal team was made up of retired space program engineers 
and managers, Jet Propulsion Laboratory employees on 
vacation, graduate students from top universities and volun- 
teers from our membership. The support crew included 
Society staff members, volunteers and an artist. 

Representatives from American industry also made the trek 
to the desert to test their equipment with the Russian rover. 

Of course, the tests simply would not have been possible 
without the enthusiasm and dedication of the staff of Death 
Valley National Monument and the Bureau of Land Manag- 
ement. We owe them a great debt of thanks. 

These individuals from the corners of the globe came 
together to form the remarkable Mars Rover team. They 
established a milestone in international cooperation, and set 
an example of public participation in spacecraft development. 


To all the participants, I extend my sincere thanks. 0 


The sporitors peated fone the technical crew made it work, and everyone 
who contributed to the Mars Rover test program can take pride in being a 
member of the Mars Team. Death Valley, one of the most forbidding spots on 
Earth, became an unlikely gathering point for people around our planet who 

_ dream of one day exploring other worlds. With teamwork like that demon- 
strated during | is Planetary Society project, we will someday walk on Mars. 


Photograph: Charles W. Novak 


ur Planetary Readers’ Service is 
Ox. easy way for Society members 
to obtain newly published books about 
the science and adventure of voyages 
to other worlds. 

We make these books available at the 
lowest possible prices. Each title is of- 
fered for six months, or three issues of 
The Planetary Report. We keep rotating 
our stock so that the titles we offer are 
always fresh. 
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fied one of Alfred Nobel’s sins of 

omission by announcing the lucrative 
Crafoord Prize for outstanding achieve- 
ments in planetary science, geology and 
astronomy. Then, in 1986, it awarded 
the Crafoord jointly to Claude Allégre, 
professor of earth sciences at the Uni- 
versity of Paris, and to the California 
Institute of Technology’s Gerald 
Wasserburg for applying high-tech 
methods to determining the age and 
origin of planetary matter. Using what 
Allégre describes as “ultraprecise iso- 
topic analysis of a few grams of rock,” 
they were able to read the oldest message 
in the solar system. 


| n 1980 the Swedish Academy recti- 


In From Stone to Star, Allégre grace- 
fully chronicles the relatively brief his- 
tory of geology, from its beginnings 
during the Industrial Revolution to the 
examination of meteorites, reaching be- 
yond the terrestrial crust to the forma- 
tion of the planets. Shackled by reli- 
gious authority to the text of Genesis, 
the subject of the formation of Earth 
was blasphemy as long as literal inter- 
pretations of the Bible denied the long 
periods of time implicit in a scientific 
explanation. 

The intellectual climate began to 
change in the 18th century, as engineers 
digging canals, roads and mines began 
turning up fossilized plants and animals 
with a certain regularity. Increasingly, 
defenders of the faith interpreted the 
origin tale as metaphor. Meanwhile, 
the study of the layering of minerals at 
certain locations brought about one of 
geology’s first subspecialties—stratigra- 
phy, the study of Earth’s layers. 

Soon voyagers like the young Charles 
Darwin set out to map exotic places, 
noting as they sailed that volcanoes, 
sedimentation and earthquakes occur in 
many places, always leaving a similar 
record. By the end of the 19th century, 
seismology, another specialized ap- 
proach, had become an independent dis- 
cipline under the umbrella of geology. 

Allégre recounts the intellectual bat- 
tles as geologists moved from explora- 
tion to explanation. He presents compet- 
ing theories as they were understood in 
their own time, from the arguments of 
18th-century neptunists, who interpreted 
fossils as debris from the Great Flood, 
to those of plutonists, who believed that 
a great fire in Earth’s core set off recur- 
ring cycles. He treats the 19th-century 
geologists in the same equitable man- 
ner, and he explains the 20th-century 
debates over the origin of the solar sys- 
tem by offering the logic and evidence 
of each view in turn. 

While obviously interested in the 
evolution of all the planets, Allégre does 
not hide his terrestrial bias. The Sun, 
planets and meteorites, fascinating in 
themselves, are even more wonderful in 
terms of what they tell us about Earth. 

Because Earth, as a living planet, 
long ago destroyed all evidence of its 
formation and early evolution, scien- 
tists sought a geologic clock. The his- 
tory of Earth since the appearance of 
life was the first step. This was estab- 
lished in the 19th century by using the 
location of fossils as markers. Early in 
the 20th century, the discovery of natu- 
rally radioactive elements exhibiting 
predictable half-lives increased the 


time period that could be dated. 

Then, at midcentury, Clair Patterson, 
a graduate student in Chicago (now at 
Caltech) developed a technique for 
analyzing the isotopic composition of 
microscopic quantities of lead. Patterson 
soon applied this analysis to meteorites, 
which he was able to date back 4.55 
billion years to the birth of the solar 
system. 

Much of what Allégre has to say 
about the formation of the planets, and 
how life and the presence of fresh and 
salt water affect geologic evolution, 
may be familiar. But his explanation 
of these events in the context of geology 
is both fresh and satisfying. 

— Reviewed by Bettyann Kevles 
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NASAs Search Begins 


by Thomas R. McDonough 


phoned home to his buddies with a jury-rigged transmit- 

ter. But suppose E.T. had stayed home. He could have 
let his fingers do the walking and signaled to our planet, 
saving the time, trouble and expense of a trip—and avoid- 
ing the risk of being caught by primitives. 

That, in a nutshell, is the idea behind SETI—the Search 
for Extraterrestrial Intelligence. Several SETI projects 
around the world are now active, including those of The 
Planetary Society (META J at Harvard and META II in 
Argentina) and the University of California at Berkeley 
(SERENDIP III in Puerto Rico). 

For over a decade, NASA has been building the next 
generation of SETI. The political obstacles have sometimes 
been worse than the technological ones. Every now and then 
a politician in Congress would decide that it was a waste of 
the taxpayers’ money to search for “little green men.” 

The project was nearly killed on several occasions. This 
in fact helped inspire the Society to build its own SETI 
systems, largely privately funded to insulate them from 
Washington’s budget debates, although occasionally sup- 
ported by NASA. Eventually NASA, The Planetary Soci- 
. ety and interested scientists and politicians were able to 
persuade Congress that there was widespread support in 
the scientific community for SETI. 


The Rescue of NASA SETI: HRMS 

This year, when NASA SETI seemed doomed once again, 
it was transferred into a different branch of NASA and 
given a new name: HRMS (High-Resolution Microwave 
Survey). It may not be as easy to say now, but the name 
emphasizes that those involved are not just searching for 
signals from E.T. They are also doing good astronomy— 
surveying the sky at microwave frequencies more thor- 
oughly than anyone ever has. On October 12—Columbus 
Day—NASA at last launched its HRMS system. 

When NASA switched on its new receivers, there was 
transcontinental jubilation. Scientists, engineers, politi- 
cians, journalists and guests had flocked to Goldstone, 
California, and Arecibo, Puerto Rico, to witness the event. 
Among the speakers were SETI pioneers Frank Drake and 
Philip Morrison in Puerto Rico and Planetary Society 
President Carl Sagan in California. 

HRMS Project Manager David Brocker gave the com- 
mand to start the search. The antenna feed above the 
Arecibo dish moved to point at its first star, and the Gold- 
stone dish simultaneously began its systematic scan of the 
sky. Joyously, the audiences cheered the start of this grand 
quest for cosmic neighbors. 

Why do SETI? One of the people best qualified to an- 
swer this is a British-born physician, John Billingham. 

He has helped steer the NASA program since 1969 at the 
Ames Research Center in northern California, where he 


[: the film £.T., an extraterrestrial being trapped on Earth 


is now chief of their SETI office. 

His justification for SETI: “The world today is filled 
with pessimists and doomsayers who say that we will not 
last more than 50 years. Any civilization we detect will be 
much older than us, maybe millions of years.”” We won’t 
hear anyone younger because they won’t have radio trans- 
mitters. “So we would know that real longevity can be 
achieved. It would be a very significant data point for our 
own future.” 

Thus, on the 500th anniversary of Columbus’ voyage, 
NASA embarked on its own exploration of the galaxy in 
search of the faint murmurs of other beings. For around 
$10 million a year, NASA’s strategy uses two approaches. 
One is run by the Ames Research Center, and the other is 
run by the Jet Propulsion Laboratory in southern Califor- 
nia. Assistance has also come from Stanford University, a 
company called Silicon Engines and the nonprofit SETI 
Institute, all under contract to NASA. 

The Ames approach is to pick out the 1,000 closest 
stars that are like our own Sun. These are the ones many 
scientists think would be the best bets for life. The Ames 
people will scan the radio sky with a 14-million-channel 
system. 

JPL, on the other hand, will systematically scan every 
part of the sky using a 2-million-channel system that it 
hopes to enlarge to 32 million. It plans to cover the micro- 
wave spectrum from 1,000 to 10,000 megahertz. 

Ames has begun its observations at the huge Arecibo 
radio telescope in Puerto Rico, run by Corel! University 
for the National Science Foundation. Its dish is 305 meters 
(1,000 feet) in diameter and fills a valley, making it the 
largest such antenna in the world. 

JPL uses the new 34-meter (112-foot) antenna at Gold- 
stone in southern California; this antenna is part of the Deep 
Space Network used for communicating with spacecraft. 


META, BETA and HRMS 
The NASA systems complement our own two METAs, 
searching frequencies we cannot yet observe. The METAs 
remain more closely fine-tuned to the ultranarrowband 
(0.05 hertz) channels best suited for galactic communica- 
tion, if we’ve chosen the right frequency band and the 
aliens are sending a steady (carrier) signal. META’s design- 
er, Harvard physicist Paul Horowitz, is working on the 
new BETA system, which will cover more frequencies. 

The Planetary Society has long encouraged SETI. We 
applaud the many years of hard work that went into build- 
ing the NASA HRMS system, and wish them success. 

If E.T. is phoning, there’s a good chance someone will 
hear him (or her or it) in the next decade. 


Tom McDonough is the Society's SETI coordinator and the 
author of the novel The Missing Matter. 


WASHINGTON, DC—In late sum- 
mer, at the meetings of the World Space 
Congress and the Association of Space 
Explorers, NASA Administrator Daniel 
Goldin laid out his vision of the future 
of space exploration. It is a vision fo- 
cused on the planets. 

In these speeches, Goldin called for 
many more planetary missions than pre- 
viously planned. Despite this, some 
planetary scientists worry that he is dis- 
turbing the status quo too much, both 
by perturbing existing plans and by 
calling for reduced costs. (See News & 
Reviews, page 26.) 

Goldin has told Planetary Society offi- 
cers he believes that future planetary 
missions will not be launched if smaller 
and lighter spacecraft are not used. He 
also argues that if planetary missions are 
made “smaller, cheaper and faster” a 
mission could be launched every year in- 
stead of once or twice a decade. 

The Society’s officers are gratified 
by his strong support for planetary mis- 
sions. Goldin particularly campaigned 
for the Cassini mission during the 1993 
budget battles. A vocal advocate of 
Mars exploration, Goldin also pushed 
for a United States lander to be added to 
the Russian Mars '94 mission, backed 
plans for the Mars Environmental Sur- 
vey (MESUR) mission and reiterated 
his long-range goal of a human mission 
to Mars. He has also called for a mis- 
sion to Pluto (see below). 


PASADENA—Proposals for missions 
to Pluto, the only planet in our solar 
system not yet visited by a spacecraft, 
continue to have their ups and downs. 
(See the July/August 1990 Planetary 
Report.) In 1991, a NASA space sci- 
ence advisory committee surprised the 
planetary exploration community by 
recommending an early mission to Plu- 
to, with work to begin in 1996. This 
was part of its overall review of priori- 
ties for space science in the 1990s. 

In the following few months, the en- 
thusiasm of Pluto supporters diminished 
somewhat as the reality of the long trip 
time (more than 12 years in the then pro- 
posed mission) and the high launch ener- 
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by Louis D. Friedman 


gy required sank in. Interest in two other 
missions, of the Discovery class, grew as 
interest in Pluto faded. 

Discovery missions, as they are pro- 
posed, would cost less than $150 million 
each and could be completed in less. than 
three years. The first mission would be 
Pathfinder, planned for a 1996 launch to 
Mars. This would be a precursor mission, 
using a single lander, to the more ambi- 
tious MESUR. The second proposed 
Discovery mission would be NEAR, the 
Near-Earth Asteroid Rendezvous. 

But NASA Administrator Daniel 
Goldin has become interested in a quick 
and cheap Pluto mission suggested to 
him by Jet Propulsion Laboratory engi- 
neer Robert Staehle. Its quickness—a 
seven-year trip time—would be 
achieved by launching a lightweight 
spacecraft—under 100 kilograms—on a 
very powerful rocket, such as an Amer- 
ican Titan 4 or a Russian Proton. 

The payoff would be the completion 
of the reconnaissance of the solar sys- 
tem. But just the launch with a Titan 4, 
and a necessary Centaur upper stage, 
would cost over $400 million. Is the 
mission of a small spacecraft, carrying 
only a few scientific instruments, worth 
that cost? 

An alternative is to launch using the 
Proton, which would cost less than $60 
million. This may be the enabling factor. 

But what of MESUR/Pathfinder and 
NEAR? Goldin has maintained his 
strong support for those missions also; 
as noted above he is urging new think- 
ing in the planetary program for many 
small missions. 


WASHINGTON/MOSCOW/SAN 
FRANCISCO—NASA and the Russian 
Space Agency (RKA) have agreed to an 
arrangement for the US to provide funds 
for a third small station to be added to 
the Russian Mars '94 mission. Whether 
US instruments can be provided for the 
lander in time for its scheduled launch in 
October 1994 is still under study. 

The agreement takes the form of a 
contract with the RKA and a grant to 
the Russian Academy of Sciences. 

The RKA is the new authority in the 


Russian space industry and is in charge 
of government funds for space mis- 
sions. NPO Lavochkin, which with its 
Babakin Center builds the planetary 
spacecraft, is the RKA center responsi- 
ble for Mars ’94/’96. 

The Russian Academy of Sciences 
and its many institutes are separate 
from the RKA. The Space Research In- 
stitute (IKI) is the lead Academy center 
for the mission and is responsible for 
the scientific experiments. 

Under the agreement, Russia will 
build an engineering model for the US to 
use in instrument development. Those 
instruments will also be relevant to 
MESUR mission planning. Russia will 
build the flight unit, and the selected 
American instruments will be integrated 
into it just before launch. 

The $2 million the US is investing in 
Mars ‘94 is important financial—as 
well as political— support for the Rus- 
sian mission. It also opens the way for 
increased cooperation between the two 
nations in 1996 and beyond. 

We expect this agreement to lead to 
new opportunities with MESUR, the 
European Marsnet and Mars '96. This 
was the topic of a special session of the 
Division for Planetary Sciences of the 
American Astronomical Society meet- 
ing in Munich on October 12, 1992. 


Louis D. Friedman is the Executive 
Director of The Planetary Society. 


I’ve spent most of that time listening. Tonight, Id like 

to integrate what I’ve heard with the thoughts I wrote 
down the night before I was confirmed for this job. I'd like 
to sketch for you a vision of what I think we, as a planet, 
can achieve in space. 

First, I believe the next international scientific research 
outpost beyond space station Freedom will be on the Moon. 
The best reason to go back to the lunar surface is not to 
look down, but to look up, for what we hope to find are not 
rocks, but planets—planets around nearby stars. 

The Moon is the perfect place for aswonomy. On the 
Moon’s thermally and seismically stable surface, we can build 
telescopes and interferometers that are orders of magnitude 
beyond what’s possible on Earth and in orbit. On the Moon, 
nighttime lasts for 14 days and there’s no atmosphere to 
cloud the view. Super telescopes measuring every frequency 
—from gamma rays to radio waves—could discover a whole 
universe of knowledge that’s invisible to us on Earth. 

Another reason for going back to the Moon is that it has 
resources that Earth may need someday. And since the 
Moon is only three days away, it’s an ideal place to test the 
space hardware we’ll need for the next milestone in human 
spaceflight: the exploration of Mars. 

We are about to take the next step along the way to the 
Red Planet. In three weeks, we will launch the Mars Observer 
to examine the surface characteristics, such as temperature 
and geology, of Mars. The Russians will send international 
landers in 1994 and 1996. Then NASA’s MESUR, the Mars 
Environmental Survey, can put a series of landers [on Mars], 
some with microrovers, to study surface features, weather and 
seismic activity. These new landers will head for the more 
risky and challenging areas of Mars—such as the boundaries 
of the polar caps, hydrothermal hot spots that Mars Observer 
may find and dry river gorges where water may be present 
below the surface. Even if some form of life does not now 
exist, there may be fossilized remains. 

This search for life—this urge to explore to the very limits 
of our technology—is not idle curiosity. It’s a biological im- 
perative—wired right into our DNA. In his book Mission to 
Mars, Mike Collins wrote, “Call it genes, character, culture, 
spirit, ethos: by whatever name, it is within us to look up into 
the night sky and be curious, [and] within us to commit our 
bodies to follow our eyes.” 

Going to the Moon and Mars is just the first step in getting 
to know the neighborhood that is our solar system. I believe it 
is possible for the people of Earth to send orbiters to map the 
resources of every major body in the solar system, even Pluto. 

We can put landers on those planets and moons, some with 
microrovers. We can look for minerals on asteroids, and check 
comets for traces of the primordial soup from which the cos- 
mos was formed. We can bring samples back from these 
bodies to Earth for study. All this can be done in just 20 years. 

And I'll throw out a special challenge here. I believe we can 
build a spacecraft in three years weighing hundreds, not thou- 
sands, of pounds, and costing a few hundred million dollars, 
not billions—and have it arrive at Pluto, the last unexplored 
planet, in the first years of the 21st century. It can be done. 

Because Earth is just one part of the solar system, it is 
through studying the rest that we can hope to fully understand 
Earth’s environment and its future. 

For instance, Venus is the same size as Earth, but with a 
runaway greenhouse effect. Why? Mars may have had a dense 
atmosphere and surface water. What happened to them? 

To figure out the puzzle of global climate change, we all, 


[I been NASA administrator for five months now, and 
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including the developing nations, have a role to play. Data 
on the biosphere must be collected from terrestrial sites 
around the world. Then from the vantage point of space, 
dozens of spacecraft will collect complementary data on the 
atmosphere, oceans and land. The international cooperation 
necessary to explore Earth, explore the Moon, and send hu- 
mans to Mars, I believe, can inspire the people of the entire 
planet to see what can be accomplished if we replace our 
habit of confrontation with cooperation. 

If we intend to complete the exploratory missions I just 
mentioned in years rather than a good portion of a century, no 
nation can do it alone. But if each of us is willing to give ina 
little bit on what we insist on doing and share the burden, then 
together—as one planet, one people—we can coordinate our 


efforts and resources, and achieve everything I mentioned today. 


Our space agency budgets will not triple to finance this new 
exploration. Nor should they, because our societies do have 
other pressing needs. We must push out beyond our comfort 
zone, and make ourselves build spacecraft smaller, faster and 
cheaper. Let’s be bold and not be afraid. It’s OK to take risks 
when you're pushing the frontiers of the possible. 

Finally, and most important, we must remember that our 
space programs belong to the people of the world. And when 
we send someone into space, it’s not one person going, but 
entire nations—an entire planet—that worked together to put 
them there. 

When I moved into the administrator’s office five months 
ago, I found a plaque in a display case—covered with dust. 
The plaque bore the signatures of Armstrong, Aldrin and 
Collins, along with the Apollo //] patch. On the top, it’s 
written, “Carried to the Moon aboard Apollo /1. Presented 
to the Mars I crew.” As far as I’m concerned, that plaque 
has been gathering dust long enough. It’s time for all of us 
to get moving and take it to Mars. 

Is there life on Mars? Maybe not now. But there will be. O 
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News... 
Reviews 


by Clark R. Chapman 


ration meeting than the World Space Congress, held 

earlier this year in Washington, DC, to coincide with 
the 500th anniversary of Columbus’ voyage across the 
“ocean blue.” 

The nine-day event was organized in part by the Com- 
mittee on Space Research (COSPAR). COSPAR’s raison 
d’étre used to be that it was sanctioned by the Soviet 
Union, so Russian scientists could attend and mingle with 
their American and European counterparts. It thus pre- 
served the slender threads of international cooperation in 
space during the Cold War. For new economic and political 
reasons, space exploration is again at a crossroads. So thou- 
sands of aerospace engineers, industry executives, space 
buffs and scientists came. 

The exhibit hall held not just displays but whole pavil- 
ions. A Canadian space arm reached over our heads. 
Rockets looked ready to launch. An industry devastated 
by military reductions, due to the Cold War’s end and the 
rotten economy, yearns that space may be its salvation. I 
hope so, but I’m not so sure. 


R arely has there been a more auspicious space explo- 


Visions, or Fantasies? 

Consider the excursion into a peculiarly parsimonious 
never-never land by President Bush’s new NASA head, 
Dan Goldin. His unscheduled, last-minute address was (to 
me) an impressive, scary example of style over substance, 
of fantasy displacing reality. Before a thousand aerospace 
engineers, Goldin never mentioned the aerospace plane and 
some other big-ticket items that dominate NASA’s budget. 
Rather, he emphasized a scientific wonderland: astronomy 
from the Moon and a rich harvest of planetary exploration. 
It thrilled the space scientists in attendance, until he 
reached the bottom line. 

Goldin’s first and loudest applause came after his rhap- 
sodic words about a fast, cheap mission to Pluto. Pluto 
enthusiasts (not a large demographic group!) are overjoyed. 
Their scientific curiosity (and my own—see my column in 
the September/October Planetary Report) about the small 
double world could be well satisfied. (I wonder why the 


aerospace community would applaud a “tens of millions of 
dollars” mission as the centerpiece of NASA’s new vision? 
Goldin revised his text—see excerpt in this issue—to say 
the cost is “hundreds” of millions; even that used to be 
small potatoes to aerospace giants.) 


Putting Pluto on the Fast Track 

Goldin told the World Space Congress that in Hollywood 
he bumped into a guy who had a new dream, and it was 
Pluto. The guy happened to be the Jet Propulsion Labora- 
tory’s Rob Staehle, engineer for a Pluto mission study that 
had its day in court last year as a prospective “low-cost” 
Discovery mission but didn’t make the cut. (“Discovery” 
is NASA’s latest moniker for something once called “Ob- 
servers,” which were to be focused missions for minimal 
dollars but, like the Lunar Observer, were axed when they 
grew toward billion-dollar budgets.) 

The director’s whims have replaced responsible space 
science planning. When NASA’s head repeatedly asks 
about progress on the Pluto mission study, his underlings 
can hardly dare to respond that the emperor is wearing no 
clothes. NASA’s already decimated planetary budget must 
eat any unplanned costs of getting Pluto onto the fast track, 
before Goldin’s tenure ends, which could be soon. 

I admire Goldin’s spirit. But when he proposes to bring 
back samples from most planets for tens (or even hundreds) 
of millions of dollars each, his “challenge” lacks credibili- 
ty. His caprice undermines the loyal, dedicated work and 
intelligence of a generation of the nation’s brightest engi- 
neers and scientists, who know that reliability, capability 
and crucial scientific goals would be sacrificed. 


The Discovery Game 
Meanwhile, NASA has most planetary scientists playing 
Charlie Brown to Lucy’s football gambit. The community 
was consumed by developing nearly a hundred Discovery 
mission concepts, as part of a “contest.” Few realized how 
slender is the dangled carrot that inspired the feeding frenzy. 
At the World Space Congress, word spread that only three 
mission concepts might “win” the right to divide up a 
mere few hundred thousand dollars next year to carry the 
concepts forward. There will be good new concepts, but 
NASA has never lacked good ideas or strategic plans. It 
has lacked the resolve to pursue them and persevere. 

I think that the Solar System Exploration Committee in 
the mid-eighties laid out a responsible, cost-effective plan 
for future missions. The cancellation of the Comet Rendez- 
vous Asteroid Flyby (CRAF) put that plan in the garbage. 
As Dan Goldin says, we are in an era of declining budgets. 
It feels good listening to his plea for “smaller, faster, 
cheaper,” but not if it’s by gimmickry and zero-cost mission 
planning, with priorities set by personal whim and by sea- 
sonal political shifts within the Washington Beltway. For 
me, Goldin’s speech was not worthy of Columbus, who 
stuck to his plans. We need commitment to launches and 
real planetary data. 


Clark R. Chapman kicked at Lucy's football, too, working 
ona Mercury orbiter concept and on an idea for a multiple 
near-Earth asteroid rendezvous mission—each would cost 
under $150 million. 


SOCIETY 


MALAYSIA SUPPORTS 
MARS EXPLORATION 


In July of this year, Malaysia 
held its first “Spaceweek” and 
The Planetary Society partici- 
pated as a cosponsor. One of 
the major activities was the 
collection of signatures in 
support of the Society’s 1992 
Mars Affirmation. 

Local press coverage of the 
signings led to one newspaper 
publishing the Mars Affirma- 
tion, with an invitation for 
readers to mail in their en- 
dorsements. 

Almost two hundred signa- 
tures supporting Mars explo- 
ration were collected. 

—Louis D. Friedman, Execu- 
tive Director 


ROVER EXPO REPORT 


Rover Expo, held in Washing- 
ton, DC, on September | and 
2, was a huge success. Some 
9,000 people watched 16 
planetary rover prototypes 
demonstrate their capabilities 
on the Mall in direct sight of 
the Capitol. 

On August 31, before the 
expo, a parade of rovers took 
place. The rovers rolled across 
the Mall and into the special 
tent constructed for the expo. 
There, they demonstrated their 
capabilities on a realistic 
Mars-like terrain made of red 
clay and backed by a 40-foot 
blowup of a Viking lander im- 
age. The Planetary Society- 
designed SNAKE, developed 
for the Mars Balloon, also 
was put through its paces. The 
event was well covered by the 
national press. 

Rover Expo was conceived 


JOIN THE SCIENCE ROUNDUP IN KANSAS CITY 


NSTA Convention, The Planetary Society, 
65 North Catalina Avenue, Pasadena, CA 91106 


Once again The Planetary Society will join forces with 
the National Science Teachers Association (NSTA) to 
cosponsor their national convention April | to 4, 1993. 
The convention will be held in Kansas City, Missouri. 
The NSTA national convention attracts over 15,000 
participants each year and features more than 1,000 
intriguing workshops and sessions as well as an 
exhibit hall full of the latest in innovative 
scientific gadgetry and educational resources. 
Our Planetary Science Day on Saturday, April 3, will 
offer an array of notable speakers who will focus on 
topics of interest to both Society members and educators. 
Remember, you don’t have to be a teacher to enjoy 
this convention! You just have to enjoy science. 
For registration details, please contact: 


Telephone: (800) WOW-MARS 


—Susan Lendroth, Manager of Events 
and Communications 


by The Planetary Society, and 
was sponsored by the Society 
in conjunction with the Na- 
tional Air and Space Museum 
and NASA. The French and 
Russian space agencies and the 
American Institute of Aero- 
nautics and Astronautics Ro- 
botics Committee also served 
as cosponsors. —LDF 


UNITED NATIONS WORKSHOP 
TO STRENGTHEN SCIENCE 


In response to the recommen- 
dations of the Second United 
Nations Conference on the 
Exploration and Peaceful 
Uses of Outer Space (UNI- 
SPACE 82), the UN, the Eu- 
ropean Space Agency and The 
Planetary Society are spon- 


soring a workshop on basic 
space sciences for the benefit 
of developing countries from 
November | to 14. 

The three agencies will 
bring together scientists from 
the United States, Europe and 
Japan and scientists and educa- 
tors from developing coun- 
tries, for sessions in Costa Ri- 
ca and Colombia. The purpose 
of the workshop is to strength- 
en basic space science in devel- 
oping countries, enhance inter- 
national scientific cooperation 
and collaboration, and explore 
avenues of education, training 
and research in this field for 
the benefit of developing 
countries. 

—Carlos J. Populus, Volun- 
teer Coordinator 


SOCIETY ACTIVITIES 
IN DECEMBER 


On December 8, nearly 30 
years to the day after Mariner 
2°s encounter with Venus, 
Galileo will fly by Earth and 
embark on the last leg of its 
voyage to Jupiter. The Plane- 
tary Society will celebrate the 
day with a very special pro- 
gram, a dialogue between 
NASA Administrator Daniel 
Goldin and Society President 
Carl Sagan on the future of 
planetary exploration. 

During the same week, the 
Society will launch its new 
science curriculum reform 
project in conjunction with 
the National Science Teachers 
Association. The Society has 
been asked to develop the 
space science curriculum for 
the NSTA’s Project on Scope, 
Sequence and Coordination 
of Secondary School Science. 
—LDF 


KEEP IN TOUCH 


Our mailing address: 
Phe Planetary Society 
65 North Catalina Avenue 
Pasadena. CA 91106 


Call for an events calendar: 


(S18) 793-4994 


General calls: 
(S18) 793-5100 


Sales calls ONLY: 


(STS) 793-1675 
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Why don’t gas planets have gas 
moons, and where did the rocky moons 
of the outer solar system originate? 
—Enrico Pieranghetti, Dunlap, Illi- 
nois 


What a great question! I liked it so 
much that I used it as the basis for a 
problem in the final examination for my 
planetary physics course. 

Hydrogen and helium are among the 
most volatile of substances, and they 
have very low densities even in their 
condensed states. Even if nature could 
somehow discover how to create a gas 
moon next to a gas planet, the moon 
wouldn’t stay there very long. 

At low pressure, cold, solid hydrogen 
has a density only about 7 percent that 
of water. If nature could somehow as- 
semble such a moon in place of the 
jovian satellite Callisto, say, with the 
same mass as Callisto, it would have a 
size similar to Earth’s! But because of 


RIGHT: The central dark re- 
gion in this final version of 
the Beta Pictoris image was 
created by inserting a mask 
over the camera to block the 
light from the star. In this 
way the relatively faint light 
reflected from the debris 
disk (which looks like a pair 
of ears extending from the 
left and right of the dark 
mask) could be more easily 
detected. This star system is 
about 100 million to 200 mil- 
lion years old. At that age 
the planets of our own solar 
system had mostly finished 
forming. The material shown 
in this image consists of 
very small grains, about 1 
micrometer in size. 


INSET: In this raw image of 
Beta Pictoris, the disk is not 
visible due to the bright, 
scattered light from the star. 
The rays that extend diago- 
nally trom the star are dif- 
fraction spikes, an effect of 
the optics inside the tele- 
scope. 

Photographs: Melissa L. Nischan, 
Dana Backman and Ben Zuckerman 


its low mass, the surface gravity would 
be only about | percent of Earth’s sur- 
face gravity. 

Solid hydrogen melts at minus 259 
degrees Celsius. Our imaginary gas- 
Callisto would quickly develop a gas- 
eous hydrogen atmosphere as it warmed 
in the sunlight to a balmy minus 150 de- 
grees Celsius or so. But because of the 
low gravity, this atmosphere would de- 
velop a thickness comparable to the ra- 
dius of the gas moon itself; it would 
become unbound and vanish in an as- 
tronomical instant. The moon would 
then replenish its atmosphere from its 
own mass of solid hydrogen. Very 
quickly, the moon would evaporate into 
space. Even out at Neptune, the Sun 
warms bodies enough to guarantee that 
no gas moons could be stable there. 

As far as the second part of the ques- 
tion is concerned, rock should always 
be present in any part of the solar sys- 
tem where icy bodies form, because the 


original material out of which the solar 
system formed had comparable abun- 
dances of rock-forming and ice-forming 
atoms. We know, for example, that 
comets typically are made of “dirty 
snow”—that is, ices mixed with silicate 
dust. The icy moons, some of which 
may have originally formed from plan- 
etesimals similar to comets, have a lot 
of rock as well; they are typically about 
half ice and half rock. A few bodies, 
such as Jupiter’s moon Io, have no ice, 
but they are atypical. Some process 
must have devolatilized them, either be- 
fore they formed or during their subse- 
quent evolution. In the case of Io, this 
process may have been extreme early 
heating while nearby proto-Jupiter cap- 
tured its vast stores of gas from the so- 
lar nebula. Even today, Jupiter heats Io 
through the tidal friction that it exerts. 
But this tidal heating couldn’t have oc- 
curred if Io were less rocky. Most like- 
ly, Io has been rocky since it was 


formed. The same remarks apply, to a 
lesser degree, to Europa. 

—W.B. HUBBARD, University of Ari- 
zona 


Do asteroids have atmospheres? 
—Peter P. Pruce, Northridge, Cali- 
fornia 


No. The ability of any planetary body to 
hold an atmosphere depends on its grav- 
ity. The constantly moving atoms and 
molecules of a gaseous atmosphere are 
like little ballistic missiles. If gravity is 
too little, their velocities simply carry 
them off into space. If gravity is great, 
they arc upward but fall back toward the 
surface, although their trajectories are 
constantly interrupted as they collide 
with one another. Even the largest aster- 
oid, 1 Ceres, is too small to retain a 
gaseous atmosphere over any apprecia- 
ble length of geologic time. Its gaseous 
atoms would escape, one by one, in a 
few years. 

One caveat to this answer is that the 
distinctions between comets and aster- 
oids have become blurred; some “aster- 
oids” may have ice deposits or other 
volatiles and occasionally release 
clouds of gas and dust. These produce 
a short-lived “coma,” or extended very 


Melissa L. Nischan of Franklin and Mar- 
shall College in Lancaster, Pennsylvania, 
and two colleagues have taken the first in- 
frared image of the disk of dust and debris 
surrounding the star Beta Pictoris (see photos 
at left). The researchers used the 1.5-meter 
telescope at the Cerro Tololo Inter-Ameri- 
can Observatory in La Serena, Chile. 

The colors and reflectivity of the light 
from the outer part of the disk indicate 
that its composition may be similar to that 
of the icy moons of Jupiter, Saturn and 
Uranus, say the researchers. Thus, the out- 
er part of the disk may contain material 
left over from the creation of bodies similar 
to those in the outer solar system. 

—from Science News 


* 


Earth scientists have determined that 
Chicxulub, a large, craterlike structure in 
Mexico, dates from the exact time of the 
extinction of the dinosaurs 65 million years 
ago. This all but seals the case that a large 


low density atmosphere, which usually 
dissipates in days, weeks or months. 
“Asteroid” 2060 Chiron, for example, 
has given off several bursts of gas in 
recent years; it is essentially a giant 
comet. Such temporary clouds are gen- 
erally not classed as true atmospheres. 
—WILLIAM K. HARTMANN, Plane- 
tary Science Institute 


What is the definition of extraterrestri- 
al intelligence? 
—Dennis G. Dahl, Sandnes, Norway 


A traditional definition of intelligence 
was the ability to use tools. Now, how- 
ever, we know that animals such as 
chimpanzees can use primitive tools. 
Another definition involved the use of 
language, but there is controversial evi- 
dence of chimps and dolphins commu- 
nicating in this way, and even honey- 
bees use a language of dance to 
communicate. 

In the Search for Extraterrestrial In- 
telligence (SETI, we usually avoid sub- 
tle questions of whether chimps or dol- 
phins are intelligent by a practical 
consideration: Can the creatures com- 
municate across interstellar distances? 
By this standard, 19th-century human 
civilization was “unintelligent.” It was 


comet or meteorite slammed into Earth 
and wrought havoc at the boundary of the 
Cretaceous and Tertiary periods, 

“This lets us go into a new phase in the 
whole program of research,” says Walter 
Alvarez, a geologist at the University of 
California, Berkeley, who participated in 
the new study and was part of the team 
that originally proposed the idea of an im- 
pact at the K-T boundary. “It should allow 
us to stop arguing about whether there 
was Or was not an impact at precisely the 
time of the extinctions. This essentially 
ties that down.” 

In the August 14 issue of Science, geo- 
chronologist Carl C. Swisher III, of the 
Institute of Human Origins in Berkeley, 
and his colleagues reported that rocks 
from inside the Chicxulub circle formed 
exactly 65 million years ago and are the 
same age as impact debris found around 
the Caribbean/Gulf of Mexico region. 

To date the rocks, Swisher’s group used a 
radiometric technique that relies on the 


not until the maturing of radio technolo- 
gy in this century that we became able 
to communicate over distances of light- 
years. 

There could be planets of brilliant 
shepherds who are far smarter than we 
are but who have never built radio 
transmitters. Unless we build interstel- 
lar spacecraft, we will never know 
about their dazzling philosophies. On 
the other hand, if there is a planet with 
idiot savants who have only one talent, 
and that talent is the building of radio 
transmitters, then we could perhaps 
detect them. 

Since astronomers find that the laws 
of physics are the same everywhere, ra- 
dio is possible everywhere. This means 
that SETI could be successful whether 
the creatures are carbon-based or not, 
whether they live on Earth-like planets 
or gas giants like Jupiter, or even if they 
are plasma beings in interstellar space, 
as long as they use radio (or some kind 
of electromagnetic technology such as 
infrared or light waves). 

So SETI looks for extraterrestrial civ- 
ilizations that are at least as intelligent 
as we are—or, more accurately, that are 
technologically communicative. 
—TOM McDONOUGH, SETI Coordi- 
nator 


radioactive decay of potassium-40 to 
argon-40 over millions of years. 
—from R. Monastersky in Science News 


% 


According to Larry Esposito and Joshua 
Colwell from the University of Colorado at 
Boulder, the ring around Neptune probably 
formed within the last few hundred million 
years when a lone wayward comet collided 
with a tiny moonlet orbiting the planet. 

The researchers used imagery and other 
data gathered by Voyager 2 when it visited 
Neptune in 1989 to model the formation of 
the ring on a computer. They found that the 
chances of its four separate arc segments 
being formed through multiple, random 
collisions are about 1 in 100 million. 

This research adds to the prevailing 
theory that similar rocky rings around 
Saturn, Jupiter and Uranus were formed 
more recently than the planets they encircle, 
says Esposito. 

—from Space News 29 


Murmurs of Earth 
Voyagers 1 and 2 have complet- 
ed their planetary mission and 
are now embarked on a voyage 
of interstellar discovery. Affixed 
to each spacecraft is a golden 
phonograph record inscribed 
with images, sounds and music from Earth chosen to com- 
municate the diversity of our planet's cultures and life to 
other intelligent species. Now this record has been re-cre- 
ated and is available to the public for the first time as a 
two-CD set. Compatible with any standard CO player, the 
set also contains computer data playable on a CD-ROM 
drive to display the images in full color on your personal 
computer. Included is the book Murmurs of Earth by Carl 
Sagan and colleagues and the Voyager record team. Image 
accessing requires |BM-compatible computer with 640K 
RAM, Super VGA graphics card for 640x480, 256 colors, 
multisync monitor and PC-compatible CD-ROM drive 

Or Apple Macintosh LC or Il-series, with system 6.0.5 or 
greater and 2 MB available memory, a 12- or 13-inch color 
monitor and Macintosh-compatible CD-ROM drive. 

#725 IBM Compatible #726 Macintosh 

3 Ib. $54.00 


SPECIAL OFFER! Buy the Murmurs of Earth 
CD package and receive the Voyager medallion 
(#542) absolutely free! 


Attention, members: For a complete description of 


these items, please refer to our catalog in the 
September/October 1992 Planetary Report. 


Software 


#503 EZCosmos Reveals the entire celestial 
sphere. IBM-compatible software — requires at least 
512K memory, CGA or higher-resalution monitor, dual 
floppy drives or hard drive. (Please specify 5 1/4” or 
31/2" disks.) 2b. $55.00 


#730 Orbits An interactive space-simulator and 
space-atlas. IBM-compatible software — requires at 
least 512K memory, MS-DOS 2.0 or above, dual 
floppy drives or hard drive. 1 |b. $47.00 


SimEarth 

#740 IBM Compatible #741 Macintosh 

Take charge of an entire planet from its birth to its 
death. IBM requires a hard drive and 640K memory; 
Macintosh requires a hard drive and 1 MB RAM (b/w) 
or2MBRAM (color). 1 Ib. $55.00 


Exploring the Universe 1993 Calendar 
Celebrate your interest in astronomy every day of 1993 
with our beautifully illustrated calendar, produced by 
the creators of Astronomy magazine in cooperation 
with The Planetary Society. #520 2 lb. $9.00 


fSooks 


#101 +Peterson First Guide to the Solar System 
By Jay M. Pasachoff. 218 pages (soft cover). 1 Ib. $4.50 


#107 Beyond the Blue Horizon 
By E.C. Krupp. 387 pages. 4b. $30.00 


#110 Comets 
By Donald K. Yeomans. 485 pages. 3b. $30.00 


#124 In the Stream of Stars 
Edited by William K. Hartmann, Andrei Sokolov, Ron Miller 
and Vitaly Myagkov. 183 pages (soft cover). 4b. $25.00 


#129 Is Anyone Out There? The Scientific Search 
for Extraterrestrial Intelligence 
By Frank Drake with Dava Sobel. 266 pages. 2b. $20.00 


#133 Mirror Matter: Pioneering Antimatter Physics 
By Robert L. Forward and Joel Davis. 262 pages 
2 |b. $16.00 


#161 The Case for Mars III, Strategies for 
Exploration — Volume 1: General Interest and 
Overview 750 pages (soft cover). 4 1b. $20.00 


#162 The Case for Mars Ill, Strategies for 


Exploration — Volume 2: Technical 
650 pages (soft cover). 3b. $20.00 


Special Offer! 
Order Both Volumes (6 Ib.) for Only $35.00! 


#143 += Pathways to the Universe 
By Sir Francis Graham-Smith and Sir Bernard Lovell 
238 pages. 3b. $20.00 


#157 Starsailing: Solar Sails and Interstellar Travel 
By Louis Friedman. Each copy autographed by the 
author. 146 pages (soft cover). 1b. $9.00 


#180 The New Solar System 
Edited by J. Kelly Beatty and Andrew Chaikin. 326 pages 
(soft cover). 4b. $21.00 


#185 The Surface of Mars 
By Michael Carr. 232 pages (soft cover). 3b. $27.00 


#186 = The Starflight Handbook: 

A Pioneer's Guide to Interstellar Travel 

By Eugene Mallove and Gregory Matloff. 274 pages. 
2 |b. $20.00 


#197 Wanderers in Space 
By Kenneth R. Lang and Charles A. Whitney. 316 pages 
(soft cover). 3 lb. $20.00 


Gun for Young Explorers 


#122 The Great Voyager Adventure 
By Alan Harris and Paul Weissman. For ages 10 to 14. 
79 pages. 1 lb. $13.00 


#183 Space Travel for the Beginner 
By Patrick Moore. Reading level: junior high school and up. 
48 pages. 1b. $11.00 


#190 Voyager: An Adventure to the Edge of the 
Solar System 

By Sally Ride and Tam O'Shaughnessy. For ages 7 to 11 
36 pages. 1b. $12.00 


#526 Hugg-A-Planet Earth 
14-inch-diameter pillow. 3 |b. $15.00 


Videotapes 


Jupiter, Saturn, Uranus & Neptune: 

The Voyager Missions 

#415 VHS(US) #417 PAL(VHS-Europe) 
30 min. 2b. $22.00 


On Robot Wings-—A Flight Through the Solar System 
#420 VHS (US) #422 PAL (VHS-Europe) 
35 min. 2b. $22.00 


Mars & Mercury 
#425 VHS(US) #427 PAL (VHS-Europe) 
60 min. 2b. $22.00 


The Universe 
#440 VHS (US) #442 PAL (VHS-Europe) 
30 min. 2b. $22.00 


Models 

#524 «=GalileoSpacecraft | |b. $14.00 

#525 Hubble Space Telescope | |b. $14.00 
#538 +=MagellanSpacecraft | lb. $14.00 
#560 VoyagerSpacecraft 1 |b. $14.00 


Slide Sets 


#213 New Images of Mars 
20 slides with description. 1 |b. $10.00 


#217 Venus Slide Set 
40 slides, fact sheet and 3-D glasses. 1 \b. $15.00 


#220 Viking 1 and 2 at Mars 
40 slides with sound cassette. 1 Ib. $12.50 


#234 Voyager 2 Mission to Neptune 
20 full-color slides. 1 |b. $6.25 


Other Jtems 


#502 +Puzzle—A View to Earth 
1,200 pieces. 2b. $16.00 


#542 ~The Voyager Medallion 1 |b. $20.00 
#544 NoteCards 1b. $10.00 

#545 Planetary Report Binder 2'\b. $12.00 
#547 Solar System Postcards 1 |b. $8.00 
#548 «=NightStar 2b. $37.00 


#580 The Planetary Society Mug 2 \b. $7.00 
Special Offer! Three Mugs (6 Ib.) for Only $19.00! 


dtolidays 


Color Reproductions 


#306 Contact Lithograph 


By Jon Lomberg. Signed and numbered 21° x 26° 
limited-edition print. Must be shipped TNT Express 


outside the US. 2 lb. $48.00 


#308 = Earth at Night 
35" x 23" poster. 1b. $6.00 


#315 Earthrise 
20" x 16" laser print. 1b. $8.00 


#317 ~—‘ Eclipse 1991 Lithograph 
By Jon Lomberg. Signed and numbered 21° x 26" 

limited-edition print. Must be shipped TNT Express 
outside the US. 2 |b. $58.00 


DAYTIME TELEPHONE NUMBER ( 


GIFT CARD MESSAGE 


#327 Jupiter/Saturn/Uranus Poster Set 
Three 22 1/2" x 29° full-color posters. 1 Ib. $15.00 


#329 Milky Way Galaxy Lithograph 

By Jon Lomberg. Signed and numbered 24" x 18" 
limited-edition print. Must be shipped TNT Express 
outside the US. 2 lb. $38.00 


#331 Neptune Poster Set 

Two 22 1/2" x 29" posters. 1 |b. $10.00 
#336 Solar System in Pictures 

Nine mini-posters. 8" x 10". 1 Ib. $10.00 
Solar System Chart 

39" x 25" poster. 1 Ib. $6.00 

#340 Venus Full-Disk Laser Print 
20" x 16". 2 lb. $8.00 


#505 An Explorer's Guide to Mars 
40" x 26" poster. 1 Ib. $6.00 


(IN CASE WE NEED TO CONTACT YOU ABOUT YOUR ORDER) 


METHOD OF PAYMENT 


(CQ cHECKORMONEY ORDERFORS____—=—=————S—S—S—SCSC(RNCLOSED; SORRY, NOCOD'S 
(CD american express 


commuerecarpnumecr LIT TTTTTITTTIT TT ty 
00-0 


(Required for credit card orders) 


OO) visa O) mastercarp 


EXPIRATION DATE 
CUSTOMER SIGNATURE 


Mail order and make payment to: 


65 North Catalina Avenue 
Pasadena, CA 91106 


You can phone in your credit card order: 
THE PLANETARY SOCIETY -SALESDEPT. Call 1-818-793-1675 or 

Fax 1-800-966-STAR (Continental US and Canada) 
1-818-793-5528 (|niernational) 


Fashions for the 
Planetary Enthusiast 


#532 Mars Rover T-Shirt 
100% cotton. S,M,L,XL. 1b. $14.00 


#533 Mars Rover Button 1 |b. $1.00 
#534 Mars Rover Sticker 1 |b. $1.00 
#535 Mars Balloon Wristwatch 1 |b. $20.00 


#553 Ski Mars T-Shirt 

100% cotton. S,M,L,XL. 1b. $14.00 
#568 Dive Europa T-Shirt 

100% cotton. M,L, XL. 1 Ib. $14.00 


#630 Mars Team T-Shirt 
100% cotton. S,M,L,XL. 1 Ib. $14.00 


#650 Surf Titan T-Shirt 
100% cotton (long-sleeved). $, M, L, XL. 1 Ib. $18.00 


#663 The Planetary Society T-Shirt 
100% cotton. S,M,L,XL. 1 Ib. $14.00 


#664 The Planetary Society Sweatshirt 
50/50 cotton/poly. S,M,L,XL. 2 Ib. $21.00 
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INTERNATIONAL — TNT EXPRESS SERVICE: 
Must include recipient's phone number for delivery: 
Add $23.00 for the 1st Ib., plus $7.00 for each additional Ib. 


Thank you for your order. TOTAL le al 


For information on international shipping please call 1-818-793-1675. 


Officers of The Planetary Society contribute to the Society the royalties due them as authors of the books advertised in these pages. 


Raging dust storms are seasonal events on Mars. Sometimes these storms swell to such huge 
proportions that in only a few weeks all of the planet may be swathed in an opaque blanket of 
dust. That is exactly what is brewing up over a ridge of Valles Marineris in “Martian Dust Storm.” 
The bottom of the valley is hidden from sight by a billowy layer of fog. 


Bob Eggleton is an astronomical artist and science fiction illustrator. His spacescapes have 
appeared in Astronomy, Ceil et Espace and Geo. As a science fiction artist, he’s done covers 
and illustrated books by Isaac Asimov, Arthur C. Clarke and H.G. Wells. 


THE PLANETARY SOCIETY 


Pasadena, CA 91106 
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Pring on recycled paper 


